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INTRODUCTION 
Bloat is a digestive disorder of ruminants characterized 
by a distention of the rumen and reticulum due to the accumu­
lation of abnormal amounts of entrapped gases. Bloat in rumi­
nants is not a new disease. Pfizer (1958) cites that bloat 
was described by a Roman author in 60 A.B. The literature of 
the eighteenth and nineteenth centuries on the incidences of 
bloat has been reviewed by Bendows (1954). He Indicated that 
there was much interest in the cause, prevention and treatment 
of bloat by the animal husbandman of that era. 
Although bloat is not a new disease it has become a 
serious problem in recent years because of the increased use 
of high producing legume pastures and increased livestock 
numbers. The economic importance of bloat is difficult to 
evaluate; however, it has been estimated by Dougherty (1956) 
that yearly losses in production of cattle and sheep in the 
United States due to bloat are about 40 to 45 million dollars. 
In New Zealand, which has a dairy population of approximately 
two million cows, some 15,000, valed at 840,000 dollars, died 
of bloat in 1954-1955 (Johns, 1958). Brown (1959a) suggests 
the following factors also must be considered in determining 
the overall loss attributable to bloat: 
1. Losses in production of animals which bloat and 
recover. 
2. Losses due to not being able to graze alfalfa and 
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other high producing legumes because of the bloat 
hazard. 
3. Time that the farmer must spend in treating bloated 
animals or administering preventives. 
4. The anxiety the farmer may experience because of the 
possibility of losing animals from bloat. 
Thus, the need for research on possible methods of eliminating 
this costly major production problem should be readily appar­
ent . 
The formation of a stable foam in the rumen that entraps 
the gases produced by bacterial fermentation of pasture 
legumes is commonly accepted as the primary factor in the 
etiology of bloat (Quin, 1943; Weiss, 1953; Johns, 1954; 
Ferguson and Terry, 1955; Hungate et al-, 1955; Held and 
Johns, 1957). It has further been shown that foam is the 
primary factor responsible for prevention of eructation 
(Jacobson et al., 1957a; Johns, 1958; Cole and Bona, 1960). 
Held and Johns (1957), Held (1958, 1959), Johnson (1959), 
Held e£ al. (1961) and Kassir (1962) have presented excellent 
reviews on the effectiveness of many anti-foaming agents in 
bloa.t prevention and treatment, giving additional credence to 
the foam theory. 
Other bloat theories have been proposed from time to 
time; these theories have been extensively reviewed by Cole 
et al. (1945), Dougherty (1953), Cole et al. (1956), Johns 
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et al. (1958), Pfizer (1958), and Johnson (1959). 
Concentrated research has been conducted at Iowa State 
University during the past few years in an attempt to clarify 
the bloat syndrome• This problem was approached, in research 
to be reported herein, by first determining certain factors 
which were important in bloat and then determining why bloat 
was altered by such factors. 
The review of literature, to be presented, will include 
only literature relating to the foam theory and/or areas per­
taining to the research conducted. Many excellent reviews of 
the general aspects of the bloat syndrome have been mentioned 
previously. 
It is recognized that bloat is an interaction of several 
factors and that the answer is probably not simple. Thus, 
the objective of the research to be reported herein was to 
clarify one area in the bloat syndrome with the hope that the 
findings would add to the knowledge of the bloat syndrome and 
aid in the development, ultimately, of a solution to this 
problem. The objectives of the research were: 
1. To determine the effect of altering the dietary cal­
cium and/or magnesium on frequency and severity of 
bloat in lambs. 
2. To determine whether ruminai levels of calcium and 
magnesium could be reduced by the addition of 
chelating agents. 
To study the effect of source of feed and drench 
treatments on the diurnal changes of certain ruminai 
constituents. 
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REVIEW OF LITERATURE 
Relationship of Foam to the Etiology of Bloat 
Foam formation 
Johns (1958), in reviewing the recent developments in 
bloat research, suggested that both plant and animal factors 
are important in the bloat syndrome. The relationship of the 
chemical composition of plants to bloat has also been reviewed 
extensively by Cole el: al. (1956) and Warner (1960) . In gen­
eral, the relationship of plant constituents to bloat may be 
classified into four categories: 
1. Constituents leading to rapid formation of gas in 
the rumen. 
2. Constituents contributing to the formation and 
stability of foam in the rumen. 
3. The presence of possible "foam inhibitors". 
4. The presence of possible toxic compounds. 
The first two factors will be discussed in some detail 
as they pertain to the bloat project under consideration. 
Compounds leading to rapid gas formation are of great 
Importance in the bloat syndrome because most foam is formed 
from gas produced by microbial fermentation. Rosen et al. 
(1956) reported that extracts of alfalfa caused large in vitro 
"gas bursts" when added to bovine rumen liquor. Manometrlc 
studies of plant metabolites revealed that succinic, malonic, 
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malic, and citric acids possessed marked gas-producing activ­
ity, whereas various other organic acids, amino acids, and 
sugars had little or no activity. It was suggested that the 
bloat-provoking power of alfalfa could result from large 
amounts of readily available carbohydrates which could be 
easily fermented by ruminai microorganisms. Nichols and Penn 
(1959) increased foam volume and the rate of foam formation by 
the additions of malic, malonic, succinic and citric acids 
to fresh ruminai fluid. 
Hungate et al. (1955) reported that the in vitro fermen­
tation rate of ingesta from bloated animals was significantly 
higher than that from unbloated animals. However, the rate 
of fermentation prior to grazing did not appear to be a major 
factor in bloat. No significant differences in the average 
composition of fermentation products between bloated and non-
bloated animals were observed. 
Warner et al. (1962) reported thst spraying glucose onto 
lush green alfalfa increased the degree of bloat in some com­
parisons but not in others. When glucose application in­
creased bloat, the lambs seemed to bloat more rapidly than the 
lambs in the other treatments. It was concluded that the 
sugar content of alfalfa plants may be a factor in bloat but 
it is not the main one. 
Mangan and Johns (1957), analyzing bloat-producing and 
non-bloat-producing samples of red clover, found no correlation 
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In the samples between the concentration of sugars and organic 
acids and their bio a t-p ro duc i ng potentials. They concluded 
that the level of sugars and organic acids was sufficiently 
high in all samples analyzed to produce enough gas to give 
rise to bloat if the "right" conditions were present. 
Jacobson et al. (1942), using an in vitro method, re­
ported results which indicated that gas production from green 
alfalfa was no greater than was formed from green bluegrass. 
Gupta et al. (1960) conducted an experiment to demon­
strate the importance of a rapid release of carbon dioxide 
in development of the bloat syndrome. In their studies, a 
solution of sodium carbonate was introduced through a ruminai 
fistula of a cow prior to the morning grazing. Upon the addi­
tion of citric acid, foaming occurred immediately; however, 
the foam was unstable and rapidly broken down. These re­
searchers concluded that rapid production of carbon dioxide 
was not the sole cause of excessive foam in legume bloat. 
Other factors such as increased foam stability, increased 
viscosity of the ruminai contents and other ruminai character­
istics must be needed. 
In the past few years much research has been conducted 
in trying to isolate the factor or factors which contribute 
to the stable foam seen In legume bloat. 
Johns (1956) and Held and Johns (1957) pointed out that 
active surface foam-forming components may be of two types: 
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a) solutions of soaps and detergents in which the surface 
tension was lower than water, and the foams which were formed 
were non-viscous and not particularly stable; and b) those 
solutions exhibiting strong superficial viscosity which In­
cluded saponins and proteins in the presence of certain metal 
ions. These solutions yielded foams of great stability and 
at the same time exhibited fairly high surface tensions, show­
ing little correlation with the foam stability. If surface 
viscous and non-viscous types of solutions were mixed, the 
surface tension and viscosity of the resulting solution were 
decreased, thus forming a more unstable foam. Blake et. al. 
(1957a) found that anti-foaming agents which have been used in 
bloat treatment decreased the surface tension of rumen fluid. 
These substances reduced surface tension by displacing the 
high viscosity types of foaming compounds from the surface 
layer, resulting in foam instability and bloat relief. 
Mangan (19 59) investigated the foaming properties of 
rumen liquor, bovine salivary mucoprotein, cytoplasmic protein 
from red clover and saponins from various pasture legumes. 
Correlations obtained between foam strength and pH values 
normally present in the rumen indicated that the cytoplasmic 
protein was the major foaming agent. 
By the introduction of fresh egg white (a cytoplasmic 
protein) into the rumen, Boda et al. (1957) produced moderate 
bloat in cattle eating dehydrated alfalfa. The bloat resulted 
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from the formation of a stable foam which reduced the fre­
quency of eructations for approximately 90 minutes after the 
administration of the egg white. It was suggested that water-
soluble plant protein may be an Important factor in the eti­
ology of legume bloat. Additional support for the Importance 
of water-soluble plant proteins was suggested in research by 
Shinozaki and Sugawara (19 57) and Boda (1958). 
Lyttleton (1956) studied, by use of electrophoresis and 
ultra-centrlfugation, soluble cytoplasmic proteins extracted 
from the leaf cells of white clover and Italian ryegrass. 
He isolated a soluble protein fraction from clover with a 
molecular weight of approximately 600,000. The physico-
chemical properties of proteins obtained from the leaf cells 
of the two plants were similar and in agreement with reported 
results of other plants by other workers. 
Bartley and Bassette (1961) collected and analyzed rumen 
foam from nine fistulated cows pastured on bloat-provoking 
alfalfa. The foaming constituent was isolated and precipi­
tated with absolute alcohol. Analysis of the precipitate 
showed the following percentage composition: crude protein 
63.3, ether extract 1.5, crude fiber 0, carbohydrate 17.0 and 
ash 18.2. Fifteen amino acids were Identified in the precipi­
tate. These researchers concluded that protein was probably 
the most important constituent of foam. 
It was postulated by Johns (1954, 1956) that protein or 
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its degradation products may play some role in bloat. How­
ever, this researcher stated, "It would not be expected that 
protein would be released rapidly enough from ingested mate­
rials for it to play the major role in the very rapid onset of 
bloat as is sometimes experienced." Due to slow release from 
the plant cells, Ferguson and Terry (1955) also criticized the 
suggestion that plant protein was involved in pasture bloat. 
In a recent paper by Reid et al. (1962), a method was 
described which could be used in studying the rate of release 
of plant cell components resulting from chewing the Ingested 
plant. Boli of chewed feed were collected as they entered the 
rumen of fistulated cows. The boll were then analyzed and the 
amounts of the various plant components released by chewing 
were calculated. It was found that approximately 50 to 65 
percent of the plant cell' s soluble protein and about 30 per­
cent of chloroplastlc material were liberated; however, con­
siderable variation was seen. In general, the soluble pro­
tein (foam promoting) was released from red clover about 1.8 
times as rapidly as chloroplastlc material (foam inhibiting). 
The authors concluded that, "The prevailing ideas about causes 
of bloat suggest that a rapid release of soluble protein from 
plant cells should increase the likelihood of foam production, 
with the onset of a bloating condition." The authors then 
proceeded to caution the reader that these techniques and 
results were preliminary in nature and should be considered 
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as such. 
Another group of plant components suggested to be Involved 
in the bloat syndrome was the saponins. McCandlish (1937) 
stated, 
The chemical substance in clover or in potatoes 
which appears to cause bloat, not by inducing an 
extra production of gas in the rumen or paunch, 
but by causing the retention of the gas already 
formed is a saponin. 
It was postulated by Quin (1943) that saponins increase 
the surface tension of the rumen contents which contributes 
to the development of frothy bloat. 
Jacobson et al. (1955, 1957b) reported that small amounts 
of saponin in the presence of glucose could aid greatly in the 
in vitro formation of a stable foam. It was concluded that 
while glucose was needed for rapid fermentation and high rate 
of gas formation, the saponins served to stabilize the foam 
produced. Johns (1956) reported that the saponin content of 
alfalfa varied between 0.2 and 1.8 percent on a dry matter 
basis with considerably more saponins In the plant leaves than 
in the stalks. 
Lindahl et al. (1954) drenched five yearling ewes, two 
goats and one heifer with different levels of alfalfa saponin 
and produced a gaseous type of bloat which could be relieved 
with a stomach tube. However, Ferguson and Terry (1955) 
failed to produce bloat by drenching sheep with alfalfa 
saponin, four other saponins, egg albumin and a synthetic 
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foaming compound. It was concluded that the formation of a 
stable foam was a major factor in alfalfa bloat and that the 
physical characteristics of the rumen ingesta and the feed 
constituents (other than saponins) probably influenced the 
foam stability. 
Barrentine (1960a) grazed steers on plots of Ladino 
clover, crimson clover, hop clover, alfalfa and lespedeza and 
analyzed the forage for saponin content. He reported that 
there was little correlation between the saponin content and 
the bloat potential of a forage. Barrentine (1960b), In a 
later report, analyzed rumen ingesta samples from two bloat­
ing and two non-bloating steers grazing alfalfa. The results 
indicated that alfalfa saponin was rapidly metabolized in 
the rumen, but there was little difference in levels of 
residual saponins In rumen fluid from bloated and non-bloated 
steers. 
Conrad et al. (1958) reported that the combined effects 
of the physical structure of alfalfa fiber, pectic substances, 
galacturonic acid obtained from the hydrolysis of pectic sub­
stances, and simple sugars normally present in alfalfa were 
capable of causing formation of the stable foam found In pas­
ture bloat. Conrad ejt al. (1960, 1961) reported that there 
was a positive relationship between the total pectic substances 
in Ladino clover and the incidence of bloat. It was suggested 
that the pectic substances and hemicelluloses provided the 
13 
essential plant factors for the occurrence of bloat. Pounden 
et al. (1959) found that the particular type of fiber present 
in alfalia and Ladino clover appeared to be associated with 
the formation of stable foam. However, Wright (1961a) studied 
the metabolism of pectin by rumen microorganisms and concluded 
that the substances in the fiber responsible for gas formation 
are not pectic substances alone, but may include the hemi-
cellulose fraction. 
Head (1959) isolated and analyzed the foaming constituent 
found in rumen fluid isolated from fistulated cows maintained 
on a diet of alfalfa or clover. The results suggested that 
the constituent in rumen liquor responsible for foam was car­
bohydrate in nature, mainly the sugars normally found in the 
pectins and hemicellulose fraction of plants. 
Gutierrez and Davis (1958) published evidence that 
alfalfa saponin was utilized by certain rumen bacteria with 
the production of large amounts of acid, gas and slime. 
Gutierrez and Davis (1962) later reported that the appearance 
of slime was correlated with the onset of bloat and the 
appearance of a frothy foam in the rumen. 
Crude rumen liquor from cows fed red clover was frac­
tionated so that soluble polysaccharides, plant and protozoal 
starch, and bacterial capsular polysaccharides could be sep­
arated and amounts estimated (Bailey, 1959). The concentra­
tion of polysaccharides in cell-free rumen liquor was low and 
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no greater In bloating than non-bloating animals. The con­
centration of capsular polysaccharides showed no correlation 
with the incidence of bloat. 
Physical properties of foam 
As has been stated previously, legume bloat is caused by 
an accumulation of foam in the rumen which inhibits the belch­
ing mechanisms. One could theorize that in order for the foam 
to be a major problem, the foam has to be stable enough to 
accumulate. Therefore, those factors which will alter foam 
stability and/or strength are of major importance In the bloat 
syndrome. 
Johns (1954) showed that foam obtained by shaking rumen 
liquor from clover-fed sheep had a much greater stability than 
that from grass-fed sheep. This researcher concluded that 
the stability of the foam was the most important property, 
and It would determine whether the gas would be released and 
eructated or remain entrapped as foam. 
Mangan (1958) described a procedure which could be used 
for the estimation of the expansion, dynamic, stability and 
strength of foams formed by surface active compounds. Meas­
urement of foam expansion and dynamic foam stability, which 
are dependent on the volume of foam produced, did not give 
much useful information. It was reported that two foams, 
which had different physical characteristics, gave almost the 
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same figure for dynamic foam stability. Foam strength meas­
urements were more useful since the rumen was in a state of 
almost continuous movement. It was theorized that if a foam 
was to persist it must have considerable resistance to mechan­
ical stress• 
Mangan (1959), using these techniques, examined the foam­
ing properties of rumen liquor, bovine salivary mucoprotein, 
cytoplasmic protein from red clover and saponins from various 
pasture legumes. Foam strength and foam expansion of saponin 
extracts of red clover and lucerne leaves were found to be 
directly dependent upon pH. Foam strength was nil above pH 
6, but rose rapidly at about pH 5.5 to an optimum in the 
area of pH 4.5 to 5.0. At pH 4 foam strength and expansion 
decreased rapidly. It was further shown that white clover 
and subterranean clover saponin extracts had maximum foam 
strengths at pH 4.5 and 5.5, respectively. Rumen liquor and 
cytoplasmic protein from red clover were examined for their 
foaming properties. The strength of both foams was maximal 
at pH 5.4 and decreased rapidly above pH 6.0. 
Johns (1954) found that when red clover and ryegrass 
extracts were shaken, the foam on the grass extract dis­
appeared completely in one hour while the foam on the red 
clover showed a much greater stability. However, Mangan and 
Johns (1957) found no relationship between the degree of foam­
ing of red clover extracts, as determined by a serial-dilution 
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method, and the degrees of bloat when the dry matter of the 
grazed clover was taken into account -
Pressey et al. (1961) reported that the foaming properties 
of alfalfa extracts had an optimum temperature of 18° Centi­
grade and pH of 6.2. On a fresh-weight basis, a relationship 
between the foaming properties and the bloat-promoting poten­
tial of alfalfa was observed. 
Hungate et al. (1955) reported that the bloating behavior 
of cattle could be predicted from the differences in foam 
formation and foam stability of rumen ingesta samples taken 
from animals prior to grazing legume pasture. 
Mangan (1959) also reported that the salt concentration 
has a marked influence on the foaming properties of the foam-
producing components found in the rumen. It was found that 
the presence of calcium in the saponins was essential for the 
formation of rigid foams. When cytoplasmic proteins were 
tested in vitro. with no salt present, only 4 centimeters of 
foam was obtained with no foam strength. As little as 0.063 M 
sodium chloride produced foams with a maximum capacity (45 
centimeters) and increased the dynamic foam stability to 100 
percent. The increase in foam strength was approximately 
linear from 0 to 0.33 M sodium chloride. When expressed 
on a molar basis, calcium was about twice as efficient as 
sodium in promoting foaming properties. It was stated that, 
". . .no special significance can be attributed to the 
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divalent cations, until their concentration reaches the rela­
tively high value of 0.1 H." The normal cation concentration 
In rumen liquor was found to be in the range of 0.1 to 0.2 M. 
Sodium and potassium were the predominant cations present, but 
appreciable amounts of calcium and magnesium, and variable 
levels of ammonia were also detected. Essentially the same 
results were obtained by Perri and Hazel (1947) when they 
tested the effects of sodium and calcium ions on the foaming 
capacity of alpha soybean protein. These researchers reported 
that the increased foam stability was due to the "salting in" 
of the protein particles by the additional electrolyte. 
Mangan (1959) concluded that if higher protein and salt 
concentrations were present in the rumen, the pH optimum for 
maximum foaming properties would shift toward pH 6.0. This 
was in accordance with unpublished work at that station which 
had shown that bloat In dairy cattle grazing clover could com­
mence only when the pH was 6.3 or lower. As the bloating con­
dition developed, the pH then was lowered to a value of about 
5.7. 
Wallace (1958) reported that in feedlot bloat finely 
divided food particles stabilized the foam bubbles by adher­
ing to the air/water Interface, and thus prevented the bubbles 
from combining into larger more unstable bubbles. Wallace, 
In later papers (1960a, 1960b), claimed that one of the impor­
tant aspects of foam stability was the coating of the bubbles 
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In ruminai froth, by lipids. 
Weiss (1953) reported that the ruminai ingesta of sheep 
fed green lucerne had a tendency to foam, but the type of foam 
formed was found to be directly dependent upon the consistency 
of the ingesta. When the ruminai contents were watery, the 
gas bubbles rose freely to the surface to form a layer of un­
stable foam. As the consistency increased there was a 
greater tendency for the gas bubbles to become entrapped in 
the thick viscid material, causing the ingesta to rise up in 
a frothy mass. The authors concluded that salivary secretion 
was important in controlling the consistency of the ruminai 
fluid and thus the foam stability. 
Blake et al. (1957b) reported that ingesta volume in­
crease, foam durability, degree of foaminess and viscosity of 
rumen ingesta were greater in ingesta from bloated animals 
than in ingesta from non-bloated animals. Marked decreases 
in ingesta volume increase, foam durability, degree of foami­
ness and viscosity of rumen ingesta were obtained when deter­
gents were administered to bloated animals. However, Brown 
et al. (1957) found that foam volume, foam stability, and 
ingesta volume increases as determined on samples of rumen 
fluid, were not effected when lard oil or soybean oil were 
fed to animals in grain or soilage, or when lard oil was 
placed in the drinking water. Likewise, there was no apparent 
relationship between bloat severity and the foam character-
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1st!es measured. 
The relative importance of foam and foam stability in the 
etiology of bloat can be seen in the wide use of anti-foaming 
materials in the prevention and treatment of bloat. Reid and 
Johns (1957), Reid (1958, 1959), Johnson (1959), Reid et al. 
(1961) and Kassir (1962) have presented excellent reviews on 
the effectiveness of many ant1-foaming agents in bloat pre­
vention and treatment. Reid et al. (1961) concluded that, 
with the exception of antibiotics, compounds without anti-
foaming action were of little use in the prevention and treat­
ment of bloat. 
A theory on the cause of bloat, which relates foam stabil­
ity to salivary mucin and ruminai microorganisms, has been 
proposed by Bartley and Yadava (1961), Van Horn and Bartley 
(1961), Fina et al. (1961) and Bartley and Fina (1962). 
Their research indicated that the formation of bloat foam 
could be inhibited or made less stable by salivary mucin or 
a degradation product of mucin. Thus, it was proposed that 
legume bloat may occur when the mucin concentration in the 
rumen is lowered because of decreased salivation and/or 
increased mucin destruction by mucinolytic microorganisms. 
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Relationship of Changes in Ruminai and Plant 
Constituents to the Etiology of Bloat 
Minerals 
A direct relationship of minerals to the etiology of 
bloat has not been demonstrated. Only limited information has 
appeared in the literature relating minerals to legume bloat. 
Bloat is most commonly associated with the grazing of 
lush green legumes. Legumes contain almost four times as 
much calcium and three times as much magnesium as do the 
grasses (Thomas et al., 1952; Thompson, 1953). 
G-arton (1951) reported that soluble calcium and magnesium 
in the rumen of lambs fed chopped meadow hay were 15 and 11 
milligrams percent, respectively. An i_n vitro experiment 
demonstrated that 20.5 milligrams of calcium and 13.5 milli­
grams of magnesium would pass into solution from 10 grams of 
hay in 5 hours at 39° Centigrade in 100 milliliters of syn­
thetic saliva over a pH range of 6.8 to 7.7. It was further 
shown that soluble ruminai calcium and magnesium decreased 
with increasing time after feeding. 
Garner (1949) reported in vitro experiments which indi­
cated that ruminai microorganisms play a significant part in 
the liberation of magnesium from plant cells. It was shown 
that after 36-72 hours of in vitro digestion 85 percent of 
the magnesium in grass powder was liberated. 
Phelps et al. (1958) found that the amount of magnesium 
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ammonium phosphate-containing precipitate isolated from rumen-
fistulated animals showing frothy ingesta was about three 
times that of animals exhibiting nonfrothy ingesta. The 
amount of magnesium ammonium phosphate obtained was dependent 
on both rumen fluid hydrogen ion concentration and the ration 
fed. 
The effects of bloat on the phosphorus components of 
blood in cattle grazing alfalfa pasture were studied by Brown 
et al. (1958, 1959b, 1960). Bloated animals had significantly 
higher levels of total blood phosphorus, plasma inorganic 
phosphorus and plasma lipid phosphorus than non-bloated 
cattle. The levels of all phosphorus components Increased 
during grazing. Cooper and Hall (1956), Cooper (1957), Cooper 
and Woodle (1957) and Cooper et al. (1958) have proposed that 
bloat was most likely to occur when cattle were grazed on 
alfalfa that grew in soil which was low in phosphorus in rela­
tion to the level of nitrogen. They proposed that balanced 
fertilization could be important in controlling bloat. This 
theory was not supported by Brown (1959a) and Johnson (1959). 
In their field studies, phosphorus Increased the growth rate 
of alfalfa plants which, in turn, resulted in an increased 
incidence of bloat. 
Elam and Davis (1962) reported that feeding steers exces­
sive amounts of sodium chloride or a mixture of synthetic 
saliva did not appear to influence the incidence of feedlot 
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bloat. Microbial activity was decreased by the treatments and 
not significantly correlated with bloat. Jacobson et al. 
(1942) found that calcium accelerated in vitro fermentation 
when added to rumen ingesta. 
In vitro experiments conducted by Perri and Hazel (1947) 
and Kangan (1959) demonstrated that sodium and calcium ions 
were essential for development of a strong foam. This re­
search has been previously discussed. 
Johnson (1959) analyzed alfalfa samples for total ash and 
found a significant positive correlation between bloat sever­
ity and total ash. During the 1957 grazing season, calcium 
was significantly correlated with bloat severity. The follow­
ing year, however, a significant inverse correlation was ob­
served. The occurrence of bloat in cattle on Ladino clover 
pasture was not correlated with the level of nitrogen, phos­
phorus, potassium or calcium present in the clover (Jackson 
et al., 1962). 
Reid _et al. (1961) noted that many farmers in New Zealand 
claimed that cattle could be protected from bloat by adding 
treated slaked lime to the water troughs. However, after 
experimentation with this treatment, these researchers stated, 
"Dosing animals with lime over a range 5-30 grams produced, if 
anything, more bloat in the treated than in the untreated 
cows." It was also reported that administration of cobalt 
acetate to give a rumen concentration of 0.2 - 1.0 p.p.m. 
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cobalt or giving cobalt bullets was without effect in preven­
tion of bloat. Rydell (1955) reported four case histories of 
bloated cattle given Intravenous injections of a commercial 
calcium, magnesium and phosphorus solution. The treatment 
seemed to cause increased eructation of gases and thus re­
lieved bloat. 
Reith (1954) noted that applying limes rich in magnesium 
produced large increases in the percentage of magnesium in the 
tops and leaves, whereas the roots, stems and grains were un­
affected. Hunter (1949) reported that the calcium-magnesium 
ratio in the soil had no significant effect upon the weight 
of alfalfa produced, but had highly significant effects upon 
the percentages of calcium and magnesium in the alfalfa. The 
role of magnesium in plant growth has been reported in a com­
prehensive review by Krackenberger and Peterson (1954). 
The "availability" of herbage magnesium to dairy cows 
was measured by Kemp et al. (1961). As the forage matured, 
the crude protein percentage decreased and the "availability" 
of magnesium increased. Their data showed 10 to 20 percent 
of the total magnesium was "available" to lactating cows. 
Armstrong and Thomas (1952) fed rats a simple diet containing 
12-15 percent alfalfa and found approximately 85 percent of 
the calcium was utilized. 
Work has not been done on the amount of minerals readily 
available upon the ingestion of legumes. It would appear that 
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if minerals play an important role in the bloat syndrome, 
they must be readily available once the legume enters the 
rumen, since bloat normally occurs shortly after grazing 
begins. 
Nitrogen 
Legumes are a good source of crude protein. This crude 
protein, once in the rumen, is rapidly hydrolyzed, then de-
aminated to form free ammonia. The higher level of ruminai 
ammonia, typical of legume diets, has been studied/by many 
researchers in an effort to establish a relationship between 
nitrogen metabolism and bloat. 
Warner (1960) and Warner et al. (1962) reported that the 
foliar application of urea to growing alfalfa, at the rate of 
40 pounds per acre, significantly increased the severity of 
bloat in lambs. Urea application increased the amount of 
total nitrogen in the plant and the amount of nitrogen soluble 
in 0.02 N sodium hydroxide; however, it did not increase the 
nitrogen which could be precipitated by trichloroacetic acid. 
Blood ammonia nitrogen and non-protein nitrogen values were 
higher for lambs on urea-treated forage than for the control 
animals. However, due to large variation between lambs, no 
correlation was found between determined blood nitrogen com­
ponents and the bloat severity. 
Brown et al. (1957) found a positive correlation between 
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Dloat severity and ammonia content of ingesta from untreated 
animals; however, treatments which greatly reduced bloat did 
not reduce ruminai ammonia values. It was noted that forages 
with high nitrogen and moisture contents were the most bloat 
provocative. Emery et al. (1960) placed one member of a pair 
of twin dairy cows on a bloat producing dry diet and the other 
member on a non-bioat producing diet for three weeks. Then 
both members were transferred to a basal diet which would sus­
tain the frothing condition but would not initiate frothing. 
Higher ruminai ammonia levels were observed in the bloated 
cows. Johns (19 55b) fed winter grass to sheep and found that 
high ammonia levels can be maintained in the rumen without the 
appearance of any sign of bloat. Mendel and Boda (1961) also 
found no differences in the rate of gas production, or in 
levels of total nitrogen, soluble-nitrogen, and ammonia-
nitrogen of ruminai liquor between bloat susceptible and non-
bloat susceptible cattle fed a ration of fresh alfalfa tops. 
Lewis et al. (1957) showed that there was a correlation 
between ruminai and portal blood ammonia over a wide range of 
ruminai ammonia concentrations. At ruminai ammonia concentra­
tions of 84 milligrams percent ammonia nitrogen, no increase 
in peripheral blood ammonia was seen; however, above this 
level there was an increase in the level of ammonia. 
Brown et al. (1958, 1959b, 1960) studied the blood levels 
of various nitrogen compounds in cattle grazing alfalfa pas-
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ture. Ko significant differences in blood ammonia nitrogen or 
non-protein nitrogen values between bloated and non-bloated 
cattle were noted. Levels of blood ammonia nitrogen, non­
protein nitrogen and urea increased during the grazing of 
alfalfa. Shinozakl et al. (1955) experimentally obstructed 
the esophagi of six goats and produced bloat. No change was 
seen in the non-protein nitrogen content of the blood; how­
ever, the experimentally produced bloat symptoms varied from 
those of acute bloat. 
Hale and King (1955), in a study of urea toxicity in 
ruminants, found that bloat occurred when urea was adminis­
tered orally in doses that were fatal or near fatal. It was 
believed that the toxicity was due to the formation of ammo­
nium carbamate. These researchers theorized that since 
immature legumes are high in non-protein nitrogen, fermenta­
tion would favor the production of ammonia and carbon dioxide. 
Therefore, the death of animals may actually be due to the 
absorption of ammonium carbamate or some related nitrogenous 
compound. 
It appears from the limited data presented that the 
relationship of nitrogen metabolism to bloat is somewhat 
unclear. However, it would seem that the ammonia level of 
ruminai ingesta is more closely related than the blood nitro­
gen compounds to the incidence of bloat. 
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EXPERIMENTAL PROCEDURES 
Field Trials 
Foliar application of minerals 
A new seeding of alfalfa was established in the fall of 
1958 and the spring of 1959. The area was divided into 10 
experimental grazing plots each measuring 50 x 200 feet. 
When minerals were applied by foliar application, the plots 
were subdivided into 50 x 100 foot subplots and lambs were 
grazed for periods of 2-5 days, depending on forage availabil­
ity, in each of the subplots. Generally, the plots were 
grazed until the lambs had consumed most of the available 
forage. The alfalfa was grazed at different stages of matur­
ity; however, the rapidly growing alfalfa just prior to bloom 
was preferred. When minerals were applied foliarly, rain 
caused the trial in progress to be terminated and no further 
data were collected for that particular trial. The plots were 
clipped with a tractor equipped with a mounted rotary chopper. 
The clippings were manually removed after each grazing trial 
so that the alfalfa, in subsequent comparisons would be as uni­
form as possible and the clippings would not smother later 
growth. 
Lambs of western breeding, weighing from 70 to 90 pounds, 
were selected for use in the summer grazing trials. The 
bloating pattern of the lambs was checked over a 6 to 7 day 
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period at the beginning of each grazing season. At the end 
of this preliminary period the 48 lambs with the highest total 
bloat were randomly allotted to four groups of 12 lambs each 
on the basis of the lambs' determined bloat potential. Treat­
ments were then randomly assigned to the lamb groups. At the 
start of each trial the lambs were randomly re-allotted with 
respect to their season's cumulative bloat score. 
The lambs were grazed twice daily for approximately 1 to 
1 1/2 hours depending on the severity of bloat occurring on 
that day. The lambs were removed from pasture when a number 
of lambs exhibited severe bloat and had to be placed under 
close observation to determine if therapeutic treatment was 
needed. The lambs were kept in a dry lot with free access 
to water and salt when not grazing. At times during the 
grazing season the lambs were not grazed on the weekends, 
cut were maintained on grass plots or on dry hay. When this 
occurred, the lambs were allowed one day to readjust to alfalfa 
pasture before being put on treatment. 
The lambs, during the grazing period, were subjectively 
evaluated for degree of bloat on a scale of 0 to 5 as 
described by Johnson et. al. (1958). The scores and their 
descriptions are presented in Table 1. At times throughout 
the grazing seasons, two persons separately scored the lambs 
for degree of bloat and the results were compared. The pre­
cision in assessing the bloat scores was found to be quite 
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Table 1. Description of scale used in assigning bloat 
scores to lambs during pasture grazing trials 
Score Description 
0 Ko bloat Ko distension on left side 
1 Slight "Puffy" distension on left side 
2 Mid Marked distension on left side, 
slight distension on right side 
3 Moderate Extreme distension on both sides ; 
drumlike, minor distress symptoms 
4 Severe Extreme distension on both sides; 
discomfort, difficult breathing, 
excessive urination, etc. 
5 Terminal Extreme abdominal distension; 
severe distress, down, death unless 
treated 
high. Lambs bloating to a score of 4 or more were treated to 
reduce death lossesr The treatment consisted of drenching 
and/or using a stomach tube to administer about 2 ounces of 
lard oil which caused rapid foam destruction. 
The compounds tested by foliar applications were calcium 
carbonate, calcium phosphate (dibasic), and magnesium car­
bonate . To provide equal molar quantities of calcium, cal­
cium carbonate and calcium phosphate were applied at the rate 
of 20 and 50.3 pounds per acre, respectively. Magnesium car­
bonate was applied at the rate of 3.9 or 7.8 pounds per acre. 
The materials to be applied to a 50 x 100 foot plot were mixed 
30 
In about 5 gallons of water to which a wetting agent, "du Pont 
Spreader Sticker", had been added. The treatments were 
applied at the beginning of the first season with a high pres­
sure power-takeoff tractor pump. However, due to mechanical 
problems of the pump sticking this method was abandoned. In 
the bulk of the trials the treatments were applied with the 
use of a knapsack sprayer. This was accomplished by walking 
slowly through the alfalfa when it was 6-15 inches high, 
spraying as evenly as possible. The time of application was 
from 15 to 24 hours prior to initial grazing by the lambs. 
Control plots in which no treatment had been applied were 
grazed concurrently with the treated plots. 
Drenching with various compounds 
The compounds given as a drench were calcium carbonate, 
magnesium carbonate, magnesium sulfate, ethylenedlamlne-
tetraacetic acid (EDTA), diethylenetriamine pentaacetic acid 
(DT'PA), and various forms of ethy lenedl amine di-( 0-hydroxy-
phenylacetate)(EDDHA). 
The chelates were dissolved in water and administered 
directly into the rumen by the use of a 2 ounce dosing 
syringe. The mineral and chelate drenches were usually given 
prior to the morning grazing and the lambs were grazed in a 
manner similar to that previously described. It should be 
noted that with this method of administration some dosage 
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error would occur; however, it would be estimated to be less 
than 5 percent. 
Four lambs were fed twice a day all the high quality 
baled alfalfa-grass hay that they would consume within a 
& hour period. The lambs had access to water and salt at all 
tic.es. Rumen fluid samples were taken from the lambs 5 hours 
after the morning feeding at 2 day intervals. After five 
samplings, or 10 days on the control diet, the lambs were 
given 10 grams of EDTA in a capsule prior to the morning hay 
feeding. The sampling procedure was then repeated. The rumen 
fluid samples were analyzed for calcium and magnesium. Three 
20 day trials were conducted to determine treatment effects on 
ruminai ionic levels of calcium and magnesium. 
Chelate feeding 
During the 1962 grazing season the effects of feeding the 
chelate, EDDHA, prior to morning grazing were studied. In this 
study, 20 lambs were randomly allotted according to past 
records into two groups with equal bloat producing potential. 
A calculated amount of the disodlum salt of EDDHA was mixed 
with 15 pounds of soybean oil meal and 10 pounds of dry feed­
ing molasses. Sufficient EDDHA was added so that lambs con­
suming 0.2 pounds of the mixture per day would consume 1.25 
grams of EDDHA. The control lambs received the mixture with­
out the chelate. The lambs grazed as a group and were sep­
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arated only for the morning feeding treatment. The lambs were 
individually weighed at the beginning of the experiment and 
at weekly intervals. 
Laboratory Methods and Miscellaneous Procedures 
Determination of calcium and magnesium 
In ruminai fluid and plant material 
Ruminai fluid samples were taken from intact lambs dur­
ing the grazing season with the aid of s suction strainer 
(Raun and Burroughs, 1962). The metal suction strainer was 
connected to a 50 milliliter plastic hypodermic syringe by a 
1/4 inch rubber tube. The first 5 to 10 milliliters of rumin­
ai fluid were drawn to flush the tube and then discarded. 
After expelling the liquid, the syringe was again connected 
to the suction line and approximately 50 milliliters of 
ruminai fluid were drawn. In certain cases, where extreme 
froth was observed, less fluid was drawn. 
The freshly drawn fluid was placed in a 100 milliliter 
screw-cap jar to which 5 drops of a saturated solution of 
mercuric chloride had been added. The samples for calcium, 
magnesium and salt analyses were then frozen and stored in 
a deep freezer until analyses could be made. 
Forage samples were taken during the grazing period by 
plucking the top 3 to 4 inches at random from alfalfa plants 
in the plot being grazed. The plant samples were sealed in 
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plastic bags, frozen quickly in a chest containing dry ice, 
and stored in the frozen state until analyzed. 
The frozen ruminai fluid samples were thawed and then 
centrifuged at 8700 r-p.m- for 20 minutes. The supernatant 
was analyzed for cell-free calcium and magnesium and for 
total salt concentration. 
The frozen alfalfa was prepared for analysis by drying 
a portion of the alfalfa and then mill grinding to a very 
fine particle size. A 200 milligram portion of the material 
was placed in a 30 milliliter micro-Kjeldahl digestion flask 
and digested by the use of nitric and perchloric acids 
according to a modified procedure of Smith (1953). The 
digested sample was diluted to a volume of 50 milliliters and 
analyzed for calcium and magnesium. 
Total calcium and magnesium were determined by a modifi­
cation of the procedure of Hildebrand and Rilley (1957). In 
this procedure, total combined calcium and magnesium were 
determined at pH 10.2 to 10.4 by EDTA titration. Total cal­
cium alone was determined by EDTA titration at a pH above 12 
and total magnesium was obtained by difference. 
Determination of ammonia and salt 
in ruminai fluid 
The ammonia content of raw ruminai fluid was determined 
by suctional distillation as described by Varner et al-
(1953), and modified by Rust (1963). Duplicate samples of 
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5 milliliters of ruminai fluid were diluted with 20 milli­
liters of distilled water and transferred into 100 milliliter 
round cottorn flasks. Approximately 10 milliliters of a bor­
ate buffer, prepared from a saturated solution of sodium 
tetraborate end adjusted to pH 10 with sodium hydroxide, was 
added to each flask to adjust the pH to 9.2. Each flask was 
then immersed in a water bath maintained at 50-55° Centigrade 
and connected to a water cooled condenser to which a. 125 
milliliter Erlenmeyer flask containing 25 milliliters of a 
c. percent solution of boric acid was attached- The system 
was closed and the water aspirator was turned on. A small 
single stream of air was drawn through the sample to prevent 
serious bumping. Distillation was completed in 5 minutes. 
Three drops of methyl red-methylene blue indicator were used 
and the ammonia in the boric acid was titrated with a standard 
solution of 0*01 K hydrochloric acid. 
The salt concentration was estimated by the use of a 
wheatstone bridge conduction apparatus using earphones to 
detect the null point (Brey, 1958). Ruminai ingesta samples 
were centrifuged at 8700 r.p.m. for 20 minutes to obtain a. 
cell-free extract and then about 3 milliliters were trans­
ferred into a conduction cell. The conduction cell was placed 
in a water bath maintained at 30° Centigrade and allowed to 
come to thermal equilibrium. The resistance over a conduc­
tivity bridge was then measured. In expressing results, the 
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conductance for the control sample was assigned s velue of 
100 and the other values were expressed relative to this 
figure. 
measurement of mineral availability 
in vitro 
The loss of dry matter, ash, calcium and crude protein 
from plant material was determined in vitro. Approximately 
50 grams of fresh alfalfa were manually bruised and placed 
in a flask containing 200 milliliters of crude ruminai fluid 
obtained from cattle grazing alfalfa. The flasks were gassed 
with carbon dioxide and placed in a water bath maintained at 
32° Centigrade for 4 hours. After fermentation, the alfalfa 
was removed, washed and dried. Analyses for ash, calcium, and 
crude protein, on a dry matter basis, were carried out on the 
fresh alfalfa exposed to digestion. The difference was 
assumed to be representative of rapidly available nutrients 
liberated upon the consumption of alfalfa by the animal. 
Statistical methods 
The chi-square procedure was used to statistically 
analyze the results for the data pooled within each treatment. 
The frequency distribution of the bloat scores for the con­
trol lambs was considered to be the normal pattern. The lamb 
scores four and five were pooled for analytical purposes 
because steps were taken to relieve the lambs when they 
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reached a score of 4. 
Data on calcium and magnesium levels and on ruminai salt 
concentration in the rumen fluid were subjected to the anal­
ysis of variance and multiple range tests (Snedecor1956; 
Duncan, 1959). 
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EXPERIMENTAL RESULTS 
Field Trials 
Effect of foliar application of 
calcium and magnesium upon bloat severity 
The effects of foliar application of calcium carbonate, 
calcium phosphate (dibasic) and magnesium carbonate upon the 
bloat pattern in lambs are shown in Table 2- Each comparison 
contains the results from at least two grazing trials. A 
grazing trial was from 2 to 5 days in length, depending on 
forage availability and weather conditions. 
In comparison 1, the foliar application of calcium car-
Donate , at the rate of 20 pounds per acre, increased the 
degree of bloat observed in lambs. The bloat Index, which is 
calculated by dividing the total maximum bloat scores ob­
served by total lamb observations, was increased from 1.95 
for the control lambs to 2.14 for the lambs grazing on the 
alfalfa sprayed with calcium carbonate. In this comparison, 
13.3 percent of the control lambs bloated to a score of three 
or higher as compared to 19.1 percent of the lambs grazing 
the calcium sprayed alfalfa. In comparison 2, the foliar 
.< application of calcium carbonate (20 pounds per acre) and cal­
cium phosphate (50.3 pounds per acre) increased the severity 
of bloat in lambs. In this comparison, the bloat index was 
1.55 for the control lambs, compared to indices of 1.86 and 
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Table 2. Effect of foliar application of calcium and 
magnesium on the bloat pattern of lambs, 1960 
Foliar* Lamb Percent of lambs scored Bio at*3 
Comparison rate obs. 0 1 2 3 4&5 index 
Cl) 
Control 
CaCOg 202/A. 
98 
89 
1.0 
1.1 
17.3 
10.1 
68.4 
69.7 
12.3 
16.9 
1.0 
2.2 
1.95 
2.14 
(2) 
Control 
CaCOg 
CaHP04 
20#/A. 
50.3#/A. 
55 
66 
56 
1.8 
1.5 
43.6 
19.7 
32.1 
50.9 
69.7 
57.2 
3.7 
9.1 
8.9 1.8 
1.56 
1.86 
1.82 
(3) 
Control 
CaCOg 
CaHP04 
kgCOg 
20^/A. 
50.3^/A. 
3.9#/A. 
22 
28 
22 
18 
27.3 
10.7 
13.6 
22.2 
68.2 
78.6 
77.3 
55.6 
4.5 
10.7 
9.1 
22-2 
1.77 
2.00 
1.95 
2.00 
(4) 
Control 
i'igOOg 
KgCOg 
3.9Z/A. 
7.8^/A. 
59 
63 
63 
25.4 
27.0 
12.7 
64.4 
46.0 
71.4 
8.5 
27.0 
11.1 
1.7 
4.8 
1.86 
2.00 
2.08 
aRate is stated as the amount of nutrient applied on an 
acre equivalent. 
^Sum of the maximum bloat scores divided by the number of 
lamb observations per treatment. 
1.8k; for the lambs grazed on the calcium carbonate and calcium 
phosphate sprayed plots, respectively. The Increase in bloat 
severity can be readily seen when only 3.7 percent of the con­
trol lambs bloated to a bloat score of three or higher, 
whereas, 9.1 and 10.7 percent of the lambs grazed on the 
calcium carbonate and calcium phosphate treated plots, re­
spectively, obtained a similar degree of bloat. 
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In a comparison with a limited number of lamb observa­
tions, foliarly applied calcium carbonate (20 pounds per 
acre), calcium phosphate (50.3 pounds per acre) and magnesium 
carbonste (3.9 pounds per acre) increased the severity of 
bloat in lambs. The increased bloat index due to the foliar 
application of magnesium carbonate was equal in magnitude to 
the increase caused by calcium carbonate and calcium phos­
phate foliar additions. In comparison 4, the foliar applica­
tion of 3.9 pounds of magnesium carbonate per acre increased 
the bloat index over the controls and the application of 7.8 
pounds further increased it. 
Effect of drenching with calcium. 
magnesium and various chelates 
upon bloat severity 
Initial results indicated that the addition of calcium or 
magnesium to the growing alfalfa plant increased the severity 
of bloat in lambs. The results did not indicate whether the 
minerals altered plant metabolism, thus making the forage more 
bloat provocative, or the added mineral had a direct effect 
on rumen metabolism. The second phase of the bloat study was 
designed to determine whether the effects were the same when 
the compounds were administered directly into the rumen as 
when applied to the growing forage. 
The effects of drenching with various minerals on bloat 
severity in lambs are shown in Table 3. In the first com-
Table 3. Effect of foliar application and drenching with minerals on the bloat 
pattern of lambs, 1960-1961 
Comparison 
Method of 
application 
, Lamb 
Rate obs. 
Percent of lambs scored Bio at 
0 1 2 3 4&5 index 
a 
(1) 
Control 
WgC03 
togC03 
( 2 )  
Control 
C aCOg 
(3) 
Control 
CaC03 
kgCOs 
(4) 
Control 
kgS04 
kgCOg 
Foliar 
Drench 
Drench 
Drench 
Drench 
Drench 
Drench 
7.8^/A. 110 
10 gm/L 107 
85 
10 gm/L 73 
5 gm/L 
5 gm/L 
6.2 gm/L 
5 gm/L 
360 
374 
372 
204 
202 
188 
24.2 
16.4 
14.0 
58.6 
62.7 
55.1 
47.0 45.9 
46.6 49.3 
18.9 40.6 33.0 
14.7 38.8 36.4 
14.3 40.3 33.6 
23.0 52.0 18.1 
19.3 55.0 18.3 
12.2 55.3 20.9 
16.2  
18.2 
25.3 
7.1 
4.1 
6.7 
9.3 
11.0 
6.9 
5.9 
8.5 
1.0 
2.7 
5.6 
0 . 8  
0 . 8  
0.8 
1.5 
3.1 
1.94 
2.07 
2.23 
1.60 
1.58 
1.29 
1.43 
1.44 
1.09 
1.18 
1.34 
aSum of the maximum bloat scores divided by the number of lamb observations 
per treatment. 
bRate is stated as the amount applied on an acre equivalent or the amount 
administered per lamb per day. 
Table 3. (Continued) 
kethod of Lamb Percent of 1 lambs scored Bloat 
Comparison application Rate obe. 0 1 2 3 4&5 index 
( 5 )  
Control 214 12-2 41.6 35.5 9.8 0.9 1.46 
NaHC03 Drench 5 gm/L 220 10.9 38.2 36.8 13.2 0.9 1.55 
CaCO, Drench 5 gm/L 220 7.7 39.1 40.4 11.4 1.4 1.60 
hgGOg Drench 5 gm/L 220 9.1 37.3 38.2 14.1 1.3 1.61 
(6) 
Control 684 20.6 4 3 . 7  27.9 7.3 0. 5 1.23 
kgCOg Drench 5 gm/L 690 12.8 42.6 33.6 9.7 1.3 1.4.5 
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pari son, two methods of administration of magnesium carbonate 
were tested: the foliar application of magnesium carbonate 
at the rate of 7.8 pounds per acre to growing alfalfa, and 
drenching lambs prior to the morning grazing with 10 grams of 
magnesium carbonate In a water solution. The 10 gram drench 
level was estimated by calculating the approximate additional 
magnesium intake by lambs as a result of consuming alfalfa 
sprayed with magnesium carbonate. In this comparison, lambs 
that had been drenched with 10 grams of magnesium carbonate 
per day or had grazed on alfalfa sprayed with 7.8 pounds of 
magnesium carbonate had higher bloat indices than the control 
lambs. Of the control lambs, 17.2 percent scored three or 
higher, compared to 30.9 and 20.9 percent for the lambs re­
ceiving the drench and the magnesium carbonate-treated 
alfalfa, respectively. 
In comparison 2, a limited number of observations obtained 
late in the summer of 1960 indicated that drenching lambs with 
10 grams of calcium carbonate did not influence the bloat pat­
tern. However, in comparison 3, which was conducted in the 
early part of the 1961 grazing season, 5 grams of either cal­
cium carbonate or magnesium carbonate administered by drench 
Increased the severity of bloat to a similar degree. 
In comparison 4, drenching animals with equivalent 
weights of magnesium sulfate and magnesium carbonate increased 
the severity of bloat observed. The carbonate form was more 
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effective than the sulfate form in altering the severity of 
bloat. The amount of bloat seen in this trial was low due 
to the grazing of alfalfa that was relatively mature. 
In comparison 5, three different carbonates were tested 
to determine if the carbonate radical was responsible for the 
increased bloat severity when drenching with calcium or mag­
nesium carbonates. Sodium bicarbonate did not significantly 
increase the severity of bloat. The small increase in the 
bloat index was due to the increase in bloat occurring in one 
of the three trials which were averaged to obtain the overall 
comparison. In the other two trials no differences were 
found. Calcium and magnesium carbonate were again observed 
to increase the severity of bloat to a similar degree. 
In comparison 5, an extensive study was conducted in 
which 5 grams of magnesium carbonate were administered to each 
lamb prior to the morning grazing of alfalfa. The results 
supported the previous observations that the direct adminis­
tration of magnesium carbonate into the rumen increased the 
severity of bloat in lambs. 
Since it has been previously shown that increased dietary 
calcium or magnesium increased bloat severity, it was of in­
terest to determine if a chelate could decrease the ionic 
level of these two minerals and thus decrease bloat. (The 
effect of chelates upon the ruminai ionic level of calcium 
and magnesium will be reported separately.) The effect of 
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drenching with calcium and magnesium carbonate and two organic 
chelating agents on the bloat pattern of lambs during the 1961 
bloat season can be seen in Table 4. 
In comparison 1, drenching with 5 grams of calcium or 
Table 4. Effect of drenching with various compounds on the 
bloat pattern of lambs, 1961 
Drench Lamb Percent of lsmbs scored Bioatc 
Comparison rate obs. 0 12-3 4&5 index 
(1) 
Control 
kgCOg 
CaCOx 
EDTA" 
5 gm/L 
5 gm/L 
10 gm/L 
80 
86 
88 
88 
40.0 
29.1 
•31.8 
36.4 
32-5 
37.2 
32.9 
40.9 
25.0 
24.2 
27.3 
22-7 
1.2 
9.3 
8.0 
1 .3 0.91 
1.14 
1.11 
0.86 
(2) 
Control 
ED TA 
ED TA 
DTPAC 
5 gm/L 
10 gm/L 
2.5 gm/L 
176 
176 
176 
176 
6.8 
6.8 
14.8 
15.9 
33.5 
43.2 
40.9 
49.4 
45.7 
43.2 
34.1 
30.7 
13.1 
5.7 
8.5 
4.0 
2 
1 
1 
.9 
.1 
.7 
1.72 
1.51 
1.42 
1.19 
(3) 
Control 
I»igC03 
DTPA 
hgCO? + 
DTPA 
5 gm/L 
5 gm/L 
5 gm/L 
(each) 
198 
208 
192 
198 
18.2 
9.6 
26.0 
22.2 
43.9 
41.4 
38.6 
41.4 
30.8 
43.3 
33.3 
34.9 
7.1 
5.7 
2.1 
1.5 
1.27 
1.45 
1.11 
1.16 
(4) 
Control 
DTPA 
DTPA 
DTPA 
1.25 gm/L 
2.5 gm/L 
5 gm/L 
251 
244 
251 
253 
30.7 
41.0 
42.6 
42.3 
42-6 
41.4 
39.9 
43.1 
20.3 
15.z 
16.7 
12.6 
6.4 
2.0 
0.8 
2.0 
0 .4 
1.02 
0.80 
0.76 
0.74 
aSum of maximum bloat scores divided by number of lamb 
observations per treatment. 
^Ethylenediaminetetraacetic acid-disodium salt. 
^Dlethylenetriamine pentaacetic acld-disodium salt. 
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magnesium carbonate Increased the severity of bloat. Drench­
ing with ethylenediaminetetraacetic acid (EDTA), an organic 
chelating agent, at the rate of 10 grams per lamb, decreased 
the bloat index from 0.91 to 0.86. 
Drenching with EDTA at the 5 gram level, in comparison 2, 
reduced the bloat index from 1.72 to 1.51. Increasing the 
EDTA level to 10 grams per day further reduced the bloat index 
to 1-42. Drenching with 2.5 grams of another chelate, di-
ethylenetriamine pentaacetic acid (DTPA), which has a greater 
affinity for ionic magnesium In ruminai fluid, reduced the 
bloat index to 1.19. Therefore, since DTPA was more effective 
than EDTA in reducing bloat and could be used at a lower level, 
it was decided that this chelate would be used during the rest 
of the 1961 grazing trials. 
In comparison 3, the results of drenching with magnesium 
carbonate and DTPA, both singularly at the rate of 5 grams per 
lamb per day and in combination, showed that magnesium car­
bonate increased the severity of bloat and that DTPA reduced 
it. 
In comparison 4, drenching lambs with 1.25, 2.5, or 5 
grams DTPA consistently reduced the bloat index. It would 
appear from this trial that 1.25 grams was about as effective 
as higher levels in the reduction of bloat. Lambs drenched 
with 5 grams of DTPA continuously for 10 days went off feed 
and exhibited a depressed appetite. However, the lambs given 
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the lower levels of DTPA did not show these symptoms. 
The effect of drenching or feeding various forms of 
chelates on the bloating pattern of lambs during the 1962 
grazing season can be seen in Table 5. 
In comparison 1, drenching lambs with 1.25 grams of DTPA 
or ethylenediamine dl(0-hydroxyphenylacetate) (EDDHA) de­
creased the bloat index from 1.55 to 1.2? and 1.2-3, respec­
tively . In this comparison, 9.5 percent of the control lambs 
had a bloat score of three or greater, as compared to 1.1 
percent for the lambs drenched with DTPA and 4.2 percent for 
the lambs drenched with EDDHA. 
In comparison 2, lambs were drenched with two levels of 
EDDHA (1.25 and 1.75 grams). Results indicated that both 
levels were effective in bloat reduction, with the higher 
level being more effective. In comparison 3, drenching with 
0.75 grams of EDDHA was less effective than 1.25 grams in 
reducing bloat severity. 
Since drenching with 1.25 grams of EDDHA prior to the 
morning grazing decreased bloat, it was wondered whether 
drenching with a chelate before both grazings would be even 
more efficient in bloat reduction. The results of comparison 
4 indicated that a drench of 1.25 grams of EDDHA before the 
morning grazing decreased bloat, while drenching half of this 
amount before both morning and afternoon grazing had no sig­
nificant effect on bloat severity. 
Table 5. Effect of drenching and feeding various compounds on the bloat pattern 
of lambs, 1962 
Method of Lamb Percent of lambs scored Bloat8 
Gompari son administration Rate obs. 0 1 2 3 4&5 index 
(1) 
Control 
DTPAb 
EDDHA0 
Drench 
Drench 
1.25 
1.25 
gm/L 
gm/L 
282 
276 
282 
8.5 
10.5 
16.0 
43.3 
52.9 
49.3 
38.7 
35.5 
30.5 
6.7 
1.1 
4.2 
2.8 1.53 
1.27 
1.23 
(2) 
Control 
EDDHA 
EDDHA 
Drench 
Drench 
1.25 
1.75 
gm/L 
gm/L 
220 
220 
220 
9.5 
11.8 
17.7 
41.3 
49.6 
40.9 
44.1 
33.6 
37.3 
4.1 
5.0 
3.6 
1.0 
0.5 
1.46 
1.32 
1.28 
(3) 
Control 
EDDHA 
EDDHA 
Drench 
Drench 
0.75 
1.25 
gm/L 
bm/L 
242 
242 
242 
6.2 
11.6 
12.0 
46.3 
47.9 
52.5 
38.4 
32.7 
33 .5 
6.6 
6.2 
2.0 
2.5 
1.6 
1.53 
1.39 
1.26 
(4) 
Control 
EDDHA 
EDDHA 
Drench lx 
Drench 2x 
1.25 
0.62 
gm/L 
gm/L 
96 
96 
96 
18.7 
38.5 
17.7 
64.6 
46.9 
54.2 
16.7 
14.6 
28.1 
0.98 
0.76 
1.10 
aSum of maximum bloat scores devlded by the number of lejnb observations per 
treatment. 
^Diethylenetriamine pentaacetic acid-disodium salt. 
°Ethylenediamine di(O-hydroxyphenylacetic acid)-free acid. 
Table 5. (Continued) 
kethod of Lamb Percent of lambs scored Biofit 
Comparison • administration Rate obs. 0 12 3 4&5 index 
(5) 
Control 100 7.0 51.0 38.0 4.0 1.39 
EDDHA A Drench 1.25 gm/L 100 15.0 54.0 28.0 3.0 1.19 
HFeEDDHAp Drench 1.25 gm/L 100 19.0 36.0 40.0 5.0 1.31 
KagEDDHA Drench 1.25 gm/L 100 14.0 55.0 29.0 1.0 1.0 1.20 
(6) 
Control 80 31.2 37.5 21.3 10.0 1.10 
WagEDDHA Drench 1.25 gm/L 80 62.5 25.0 8.8 3.7 0.54 
MagEDDHA Fed 1.25 gm/L 80 56.2 30.0 11.3 2.5 0.60 
(?) 
Control 
gm/L 
480 7.5 31.2 44.6 15.0 1.7 1.72 
NagEDDHA Fed 1.25 480 27.7 52.9 18.8 0.6 0.92 
^Ethylenediamine di(O-hydroxyphenylacetic acid)-ferric form. 
^Ethylenediamine di(O-hydroxyphenylacetic acid)-dlsodlum salt. 
oo 
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In comparison 5, the bloat index was not greatly reduced 
by drenching with the iron-chelated form of EDDHA, whereas, 
both the free-acid and the disodium salt forms reduced the 
bloat severity. In this comparison, 42 percent of the control 
lambs bloated to a score of two or greater, compared to 45 
percent with iron-chelate drench and 31 percent with the free-
acid or disodium salt form. Since no differences appeared 
in the bloat reducing ability between the free-acid end di­
sodium salt form of EDDHA, the disodium salt form was used in 
the remaining trials due to greater solubility. 
Effect of feeding ethylenedlamlne 
di(O-hydroxyphenylace tate) upon 
bloat severity and lamb performance 
Drenching with chelates seemed to be effective in reduc­
ing bloat, however, this process is laborious and time consum­
ing. Comparison 6 (Table 5) shows the effect of EDDHA admin­
istered by two methods. Both feeding and drenching the che­
late greatly decreased the severity of bloat to a similar 
degree. 
In previous research it has been found that DTPA, after 
being administered at similar levels for approximately 10 days, 
produced lambs with depressed appetites. It was, therefore, 
of interest to test EDDHA over s period of time. In compari­
son 7, the disodium salt form of EDDHA was fed for 28 days. 
The results indicated that the feeding of EDDHA decreased 
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bloat by 46 percent. In this comparison, 16.7 percent of the 
control lambs bloated to a score of three or higher as com­
pared to only 0.6 percent of the treated lambs. 
The weekly animal gains during the feeding experiment 
can be seen in Table 6. The lambs which consumed the soybean 
Table 6. Performance of lambs fed a soybean meal-molasses 
mixture, with and without chelate, prior to 
grazing alfalfa 
Treatments 
Week Control Chelate 
Lambs per treatment 10 10 
Total weekly gain per 
lamb (lb.) 1 
2 
3 
4 
+1.75 
+2.40 
-1.45 
-2.20 
-3.35 
-0.60 
+ 0.45 
-0.65 
Total experimental gain 
per lamb (lb.) + 0.50 -4.15 
Average daily gain (lb.) +0.018 -0.148 
meal-molasses basal mixture and grazed alfalfa gained a total 
of 2.50 pounds during the 28 day experiment, while the lambs 
which consumed the basal mixture with added chelate lost a 
total of 4.15 pounds. The difference in average daily gains 
was significant (P < .005)• 
Table 7 summarizes the effects of various compounds on 
the degree of bloat in lambs. Each of the treatments was 
Table 7. Summary of the effects of various compounds on the degree of bloat in 
lambs grazing alfalfa81 
b Slgnlfl-
kethod of Lamb Bloat index Percent cance° 
Treatment application Rate Season obs. Control Treatment change P 
NgGOg 
Mg CO 3 
CaC03 
CaHP04 
Foliar 
Foliar 
Foliar 
Foliar 
3.9#/A 
7.8#/A 
20#/A 
50.3^/A 
1960 
1960 
1960 
1960 
111 
173 
183 
78 
1.72 
1.92 
1.82 
1.63 
2.00 
2.07 
1.98 
1.85 
+16.3 
+ 7.8 
+8.8 
+13.5 
.005 
.05 
.01 
.10 
MgC03 
kgC03 
kg SO 4 
NaHC03 
Drench 
Drench 
Drench 
Drench 
5 gm/L 
5 gm/L 
5 gm/L 
5 gm/L 
1960 
1961 
1961 
1961 
292 
690 
202 
220 
1.77 
1.23 
1.09 
1.46 
1.99 
1.45 
1.18 
1.55 
+ 12.4 
+ 17.9 
+8.3 
+6.2 
.005 
.005 
.05 
CaC03 
CaC03 
EDTA 
EDTA 
Drench 
Drench 
Drench 
Drench 
5 gm/L 
5 gm/L 
5 gm/L 
10 gm/L 
1960 
1961 
1961 
1961 
73 
374 
176 
264 
1.58 
1.29 
1.72 
1.46 
1.60 
1.43 
1.51 
1.23 
+ 1.3 
+10.9 
-12.2 
-15.8 
.10 
.005 
.005 
DTPA 
DTPA 
DTPA 
DTPA 
Drench 
Drench 
Drench 
Drench 
1.25 gm/L 
1.25 gm/L 
2.5 gm/L 
5 gm/L 
1961 
1962 
1961 
1961 
244 
276 
427 
445 
1.02 
1.53 
1.35 
1.13 
0.80 
1.27 
0.94 
0.90 
-21.6 
-17.0 
-30.4 
— 20 • 4 
.005 
.005 
.005 
.005 
aThe treatments are compared to their respective controls and comparisons 
should not be made between treatments. 
^The percent change from the respective controls. 
°Chi-square used to test for significances on pooled dsta. 
Table 7. (Continued) 
Signlfi-
Method of Lamb Bloat Index Percent cance 
Treatment application Rate Season obs. Control Treatment change P 
EDDHA 
EDDHA 
EDDHA 
HFeEDDHA 
Drench 
Drench 
Drench 
Drench 
0.75 gm/L 
1.25 gm/L 
1.75 gm/L 
1.25 gm/L 
1962 
1962 
1962 
1962 
242 
658 
220 
100 
1.53 
1.41 
1.46 
1.39 
1.39 
1.24 
1.28 
1.31 
-9.2 
-12.1 
-12.3 
-5.8 
.01 
.005 
.025 
.005 
KaoEDDHA 
IN agEDDHA 
Drench 
Drench 
1.25 gm/L 
1.25 gm/L 
1962 
1962 
180 
560 
1.26 
1.63 
0.91 
0.87 
-27.8 
—46,6 
.005 
.005 
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compared to its respective control. Caution should be exer­
cised in comparing one treatment with another because of the 
differences in years, lambs, grazing conditions and other 
environmental factors. 
Effect of Various Treatments upon Ruminai 
Calcium, Magnesium, Ammonia and Total Salts 
Effects of drench treatment upon 
ruminai calcium, magnesium. 
ammonia and total salts 
It has been previously reported that increased dietary 
calcium or magnesium Increases the severity of bloat in lambs, 
and that the administration of organic chelates significantly 
decreases the severity of bloat in lambs. It was further 
shown that the administration of a pre-complexed iron form of 
a chelate was not effective in bloat reduction, whereas the 
free acid form decreased bloat. This indicated that one of 
the actions of chelates in the reduction of bloat was due to 
their complexing of certain mineral ions. 
In the preliminary experiments where EDTA was used to 
reduce bloat, it was of interest to determine the effective­
ness of oral administration of EDTA in altering the ruminai 
ionic level of calcium and magnesium in lambs on an all hay 
diet. The results of three individual trials can be seen in 
Table 8 (for statistical analysis see Appendix). 
The total millimoles of ruminai ionic calcium were 
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Table 8. Effect of EDTA on the ionic level of calcium and 
magnesium in ruminai fluid of lambs fed alfalfa-
grass hay 
4 lambs/treatment Treatments 
20 days/trial Trial Control Chelate 
Total ml111moles 1 .186 .138 
calcium and magnesium 2 .199 .164 
3 .110 .046 
Average .165 • 116 
Total millimoles 1 .098 .059 
calcium 2 .108 .088 
3 .075 .026 
Average .094 .058 
Total millimoles 1 .028 .079 
magnesium 2 .091 .076 
3 .035 .020 
Average .071 .058 
significantly (p < .005) decreased by the daily administra­
tion of 10 grams of EDTA. The reduction in ionic calcium was 
38 percent or from .094 to .058 mlillmoles. A significant 
(P < .05) decreased was observed with respect to total milli-
moles of magnesium. Therefore, it would appear that the ionic 
level of calcium and magnesium could be effectively lowered 
in ruminai ingesta by the use of organic chelates. 
Throughout the 1961 and 1962 grazing seasons, ruminai 
fluid samples were taken from lambs on the various drench 
treatments. The results of such treatments on ruminai cell-
free ionic calcium and magnesium, total salt concentration 
and ruminai ammonia are presented in Table 9. 
Table 9. Effect of treatment on ruminai constituents of lambs grazing elfalfa 
Number of Ruminai ionic Salt0 
Comparison samples Calcium Magnesium concentration Ammonia 
(1) 
Control 
5 gm. drench MgCOg 
5 gm. drench CaCOg 
10 gm. drench EDTA 
13 
13 
13 
13 
mg. % 
19.8 
18.3 
17.5 
13.6 
mg. % 
24.2 
32.2 
22.5 
20.6 
100 
102 
101 
94 
mg. % 
(2) 
Control 
5 gm. drench EDTA 
10 gm. drench EDTA 
2.5 gm. drench DTPA 
6 
6 
6 
6 
17.4 
7.4 
10.3 
16.4 
22.3 
15.2 
21.0 
22.0 
(3) 
Control 
5 gm. drench CaCOg 
5 gm. drench MgCOg 
Grazing grass 
6 
6 
6 
6 
24.4 
34.6 
27.1 
10.2 
22.0 
28.7 
25.5 
10.6 
(4) 
Control 
1.25 gm. drench DTPA 
1.25 gm. drench EDDHA 
16 
16 
16 
19.8 
19.3 
15.4 
19.0 
19.1 
16.2 
100 
98 
100 
22.3 
22.7 
19.1 
(5) 
Control 
1.25 gm. drench HFeEDDHA 
1.25 gm. drench EDDHA 
1.25 gw. drench N agEDDHA 
8 
8 
8 
8 
6.1 
5.8 
7.3 
7.4 
12.0 
12.9 
15.2 
11.2 
100 
92 
99 
90 
33.0 
31.0 
26.2 
17.8 
aThe conductance (salt concentration) for the control samples was expressed 
as 100 and the other values were relative to this figure. 
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In the first comparison, when lambs were drenched with 
5 grams of magnesium carbonate at 7 a.m. and rumen contents 
were sampled at 5 p.m. following the afternoon grazing, the 
magnesium level was increased from 24.2 to 32-2 milligrams 
per 100 milliliters of ruminai fluid. The calcium level, how­
ever, was not altered appreciably. Drenching with 5 grams of 
calcium carbonate did not appear to influence the levels of 
calcium or magnesium in the rumen. The administration of 10 
grams of EDTA reduced the ionic level of calcium by 31 per­
cent. A smaller reduction in the level of ionic magnesium 
was ocserved in the lambs given EDTA. The salt concentrations 
in the rumen fluid of the control, calcium carbonate, and mag­
nesium carbonate treated lambs were similar. Rumen fluid 
from lambs treated with EDTA had a lower salt concentration 
(P < .01) than the previous three treatments. 
In comparison 2, drenching with 5 or 10 grams of EDTA 
reduced the level of ruminai ionic calcium and magnesium; 
however, these reductions were not statistically significant. 
Drenching with DTPA did not appear to alter the ionic calcium 
or magnesium levels of the ruminai fluid. 
In comparison 3, lambs grazing grass had lower levels 
of ionic calcium and magnesium than lambs grazing lush alfalfa 
pasture (P < .05). Ko significant effects on ruminai ionic 
calcium or magnesium were observed when 5 gram drenches of 
calcium or magnesium carbonate were administered. 
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In comparison 4, a drench of 1.25 grams of DTPA had no 
effect on ruminai ionic calcium, magnesium, ammonia or total 
salt concentration. Drenching with 1.25 grams of EDDHA 
(free acid form) tended to reduce ruminai ionic calcium, 
magnesium and ammonia levels with no effect on salt concen­
tration. 
Ruminai ionic calcium or magnesium levels were not great­
ly altered by any of the various chelate forms in comparison 
5- Ruminai ammonia content was significantly reduced (P< 
.01) by drenching with 1.25 grams of the disodium salt of 
EDDHA. The free acid form of EDDHA tended to reduce ruminai 
ammonia, level; however, the reduction was not significant. 
The salt concentration was reduced by drenching with both the 
iron-chelated form and the disodium salt form of EDDHA. 
In all comparisons, considerable variation in ruminai 
calcium, magnesium and total salt concentrations were observed 
with respect to period sampled, day and lamb. 
Table 10 presents the ionic calcium and magnesium levels 
found in the rumens of lambs bloating to different bloat 
scores. The data presented were taken from two sampling 
series and averaged. In both sampling series, as bloat was 
increased, the calcium level decreased and magnesium level 
increased. 
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Table 10. Relationship of ruminai ionic calcium and 
magnesium to the severity of bloat in lambs 
Bloat 
scores 
Number of 
samples 
Ruminai ionic 
Calcium Magnesium 
mg. % mg. % 
2 
1 
48 
48 14.6 
13.2 
15.4 
17.8 
Effect of the source of feed and 
drench treatment on the diurnal 
changes of certain ruminai constituents 
Pasture bloat is generally associated with the grazing 
of lush legumes. The grazing of rapidly growing alfalfa will 
cause bloat, whereas the feeding of alfalfa hay will not com­
monly result in bloat. A trial was carried out in which four 
lambs were placed on an alfalfa-bromegrass hay ration and a 
series of ruminai fluid samples were taken. The lambs were 
then allowed to adjust to grazing alfalfa pastures and the 
sampling procedure was repeated. The objectives of the trial 
were to determine whether there was a difference in the levels 
of certain ruminai constituents due to the source of feed, and 
secondly, to give an indication of the rate of release into 
the rumen of certain compounds in the forage consumed. 
The average diurnal change in cell-free ruminai ionic 
magnesium is shown in Figure 1. The crude ruminai fluid taken 
Figure 1- Concentrations of ionic magnesium in ruminai 
fluid, of lambs fed alf alf a-bromegrass hay or 
grazing lush alfalfa pasture 
Figure 2. Concentrations of ionic calcium in ruminai 
fluid of lambs fed alfa1fa-bromegrass hay or 
grazing lush alfalfa pasture 
CALCIUM (mg./ lOO ml.)  MAGNESIUM (mg./ IOOml.)  
O) 
o 
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from these lambs was pooled; four such pooled samples were 
analyzed and averaged to give each of the points on the 
graph. Since ruminai fluid samples were not taken from 
S a.m. to 12 a.m. and 12 a.m. to 3 p.m., these lines are not 
connected. One can easily estimate the diurnal change if, 
mentally, one connects the lines from 9 a.m. to 3 p.m., bi­
secting the point at 12 a.m. The lambs grazed on alfalfa 
had a significantly (P < .005) higher ruminai ionic magnesium 
level as compared to lambs on the hay treatment. The ruminai 
ionic magnesium level was altered only slightly by the feeding 
of alfalfa-bromegrass hay, whereas, a large fluctuation in 
ionic magnesium was observed when the lambs grazed alfalfa. 
Ruminai samples taken from lambs prior to the morning grazing 
(7 a.m.) had an ionic magnesium average of 9.6 milligrams 
percent. One hour after the conclusion of grazing the level 
of ionic magnesium had increased to 19.2 milligrams percent 
or an increase of 123 percent, whereas, the magnesium level 
did not increase in lambs consuming the hay diet. In fact, 
there was a slight decrease in ionic magnesium after the 
afternoon grazing that cannot be explained. This trial was 
the only trial in which this decrease was observed. 
In Figure 2, the effect of the source of feed on the 
ruminai ionic calcium is shown. No significant effect between 
the tv.o feed sources was observed with respect to ruminai 
ionic calcium. A small diurnal change was observed, and it 
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was shown that ionic calcium increased during the consumption 
of the legume. However, the results obtained for the source 
of feed and ionic calcium level after one hour of grazing were 
both difficult to Interpret. 
The effect of the source of feed on ruminai a&monia can 
be seen in Figure 3. The lambs which grazed alfalfa had a 
higher (P < .005) ruminai ammonia level than the lambs fed 
hay. There was little diurnal variation in ruminai ammonia 
level of lambs consuming the hay diet, but the ammonia level 
was greatly altered by the grazing of alfalfa. A 213 percent 
increase in ruminai ammonia occurred from the pre-grazing 
sample to the sample taken 1 hour after the morning grazing 
of lush alfalfa. An unexplicable decrease after the after­
noon grazing was observed-
In the second phase of the study the effects of two 
drench treatments on the diurnal changes of certain ruminai 
constituents were determined. 
Drenching with 5 grams of magnesium carbonate signifi­
cantly increased (P< .01) ruminai ionic magnesium levels, 
which seemed to be consistent throughout the day (Figure 4). 
Drenching with 1.25 grams of the disodium salt of EDDHA, 
which is not shown in Figure 4, produced a diurnal magnesium 
pattern which was lower than the control treatment but not 
statistically different. 
Drenching with magnesium carbonate slightly increased 
Figure 3. Concentrations of ammonia in ruminai fluid 
of lambs fed alfalfa-bromegrass hay or 
grazing lush alfalfa pasture 
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Figure 4. The effects of drenching lambs with 5 grams of 
magnesium carbonate, prior to the morning 
grazing, upon the ruminai ionic magnesium level 
Figure 5. The effects of drenching lambs with 5 grams of 
magnesium carbonate or 1.25 grams of the disodium 
salt of EDDHA upon the ruminai ammonia level 
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ruminai ammonia levels while drenching with the chelate sig­
nificantly reduced (P < .01) ruminai ammonia (Figure 5). The 
greatest differences between the control and chelate-treated 
lames were seen immediately following grazing. 
Ko significant effects on ionic calcium were observed in 
this trial (see Appendix). 
The average diurnal changes for ruminai ionic calcium and 
magnesium and ruminai ammonia can be seen in Figure 6. Each 
point on this chart is an average of 12 pooled samples involv­
ing 56 lambs grazing alfalfa* The ruminai ionic calcium level 
w&s low and showed only small diurnal changes. Ionic magne­
sium increased rapidly when alfalfa was grazed. Peak concen­
trations were estimated to occur about 1 to 2 hours after the 
morning grazing and then decreased to the pre-grazing levels 
before the afternoon grazing. A large diurnal change was 
observed with respect to the ruminai ammonia level. Ruminai 
ammonia increased from 13.5 to 24.1 milligrams percent during 
the morning grazing, reached a peak at approximately 1 to 2 
hours after the grazing period, then decreased to approxi­
mately the pre-grazing levels. 
The average diurnal change in the conductivity of ruminai 
fluid, taken during the three grazing trials, can be seen in 
Figure 7. Ruminai fluid conductivity was increased during 
grazing and reached a peak shortly after the grazing period. 
Both the morning and afternoon pre-grazing conductivity values 
Figure 6. Comparison of the aversge ruminai diurnal 
changes for ionic calcium and magnesium 
and ammonia of lambs grazing lush alfalfa 
pasture 
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Figure 7. The average diurnal change in the conductivity 
of ruminai fluid taken from lambs grazing lush 
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were approximately the same. 
In five trials throughout the 1962 grazing season, in­
volving 200 individual sample observations, a positive corre­
lation (r = +30) was observed between ruminai ionic magnesium 
and ruminai ammonia (P< .001). For each milligram percent 
increase in ionic magnesium, the ruminai ammonia was increased 
.343 milligrams percent. 
Effect of Forage Composition upon Bloat Severity 
Seventy-four samples of alfalfa were taken from the graz­
ing plots on 22 different days during the 1960 grazing season. 
The results of the analyses are presented in Table 11. The 
average calcium and magnesium levels on a dry weight basis 
for 74 samples were 1.43 and .45 percent, respectively. There 
was a non-significant correlation between the total calcium 
and magnesium content of the samples of alfalfa tops and the 
average cloat score for the lambs the day the samples were 
taken. Foliar application of various forms of calcium or 
magnesium produced no consistent effect in altering the total 
calcium or magnesium content of growing alfalfa-
Preliminary In Vitro Measurements of the 
Availability of Certain Alfalfa Constituents 
'When lambs graze a lush alfalfa, bloat will usually occur 
within 30-45 minutes. Therefore, one could theorize that 
there must be a rapid release of a compound or compounds from 
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Table 11. The relationship of 
content of the plant 
in lambs 
total calcium and magnesium 
to the severity of bloat 
Comparison 
Foliar 
rate 
Kumber of 
analyses 
Bloat 
index 
Total 
calcium 
Total 
magnesium 
(1) 
Control 
i,gco3 3.9#/A 
5 
4 
1.84 
1.67 
% 
1.41 
1.62 
% 
.43 
.36 
(2) 
Control 
fcgC 03 
kg CO.3 
3.9Ï/A 
7.6^/A 
2 
2 
2 
2.00 
1.50 
2.10 
1.4k 
1.40 
.96 
.49 
.41 
.56 
(3) 
Control 
CaCÛ3 20^/A 
4 
4 
1.77 
2.29 
1.50 
1.52 
.35 
.39 
(4) 
Control 
CS.CO3 
CaHPO^ 
kgCOg 
20Ï/A 
50.3?/A 
3.2Ï/A 
3 
3 
3 
3 
1.73 
1.95 
2.05 
1.82 
1.39 
1.86 
1.63 
1.70 
.40 
. 56 
.40 
.34 
Average^ 74 1.49 .45 
Standard 
error of mean +0.260 +0.156 
Range .92-2-08 .13-1.13 
Correlation with bloat +. 056 + .071 
aAverage includes all forage samples analyzed.. 
the alfalfa which are involved with the etiology of bloat. 
An in vitro technique which would measure this rapid release 
of certain alfalfa components was developed. In Table 12 it 
is shown that only small changes occurred in total dry matter, 
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Table 1&. Preliminary in vitro results in measuring the 
availability of certain alfalfa constituents 
Comparison 
Number of 
samples 
% remaining after 1 in vitro digestion 
Dry 
matter 
Total 
asha 
Crude 
protein8' 
Total 
c calcium' 
1 3 94.1 87.9 94.5 82.0 
2 2 85.2 87.7 81.2 85.0 
3 4 101.8 96.9 96.8 88-1 
4 4 98.9 115.7 95.4 86.4 
5 4 101.2 87.4 84.5 97.0 
6 4 94.6 105.9 113.4 85.2 
7 4 104.2 112.8 103.2 95.4 
Weighted average 98.22 100.56 96.76 88.98 
aBased on dry matter. 
^Calculated by taking percent nitrogen times 6.25. 
ash and crude protein upon actively digesting alfalfa for 4 
hours in an in vitro system. Total calcium, based on dry 
matter, was consistently lower after the 4 hour digestion 
period. The values in Table 12 are an average of various 
foliar spray treatments which were applied onto the growing 
alfalfa. No consistent differences were seen with respect to 
treatment. 
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GENERAL DISCUSSION 
Over the span of years many theories have been proposed 
on the conditions which cause bloat. A theory which has been 
accepted in recent years by numerous researchers is that bloat 
results from the altering of the delicate balance between 
foaming agents, foam inhibitors and foam stabilizers. The 
foaming agents (soluble proteins, saponins, pectic substances) 
and anti-foaming agents (chloroplastic lipids) are released 
into the rumen from the ingested legumes in definite propor­
tions. If the foaming agents are released at a more rapid 
rate than the anti-foaming agents, a foam is produced. In 
order for the foam to have a detrimental effect in the rumen, 
the foam must have sufficient strength and/or stability. The 
foam stabilizers function to form the strong stable foam which 
is accepted as being a. prerequisite to the occurrence of pas­
ture bloat. 
In the results reported herein, increased dietary calcium 
and magnesium increased the severity of bloat in lambs, and 
treatments which were capable of reducing the ionic mineral 
content of ruminai fluid decreased bloat. It is proposed that 
increased dietary minerals are of major Importance in increas­
ing the total cation concentration in ruminai fluid with a 
direct effect on increasing foam stability and the severity of 
bio at. 
Calcium and magnesium, when applied as a foliar spray 
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onto the growing alfalfa or given as a drench prior to graz­
ing, increased the severity of bloat in this study. Spraying 
alfalfa with calcium carbonate was shown by Warner et al. 
(196&) to increase its bloating potential. The addition of 
slaked lime to drinking water caused an increased incidence 
of bloat (Reid et al., 1961) . These results suggest that the 
mechanism of action is directly in the rumen rather than 
altering plant metabolism- When applied as a foliar spray at 
one-tenth the equivalent weight, magnesium was more effective 
than calcium in increasing the severity of bloat. However, 
when given as a drench, the two compounds increased the 
severity of bloat to a similar degree- This suggests, and 
I 
cannot be completely ruled out, that magnesium is involved in 
altering plant metabolism and the production of other factors 
involved in the bloat syndrome. Belasco et al. (1958) re­
ported that urea applications were rapidly absorbed by grasses 
and that considerable conversion of urea to other compounds 
occurred within 3 to 5 days after the foliar application, 
kagnesium may be involz ed in reactions similar to that of 
urea. 
Drenching with magnesium carbonate increased ruminai 
ionic magnesium levels for as long as 10 hours after drench­
ing. Calcium carbonate drench probably would have influenced 
rumen calcium levels if the time between administration and 
sampling had been less • It would appear that one of the 
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effects of the increased calcium and magnesium levels would 
be to increase the total cation concentration or total salt 
concentration in the rumen- 1'iangan (1959) reported that the 
salt concentration has a marked influence on the foaming prop­
erties of the foam-producing components found in the rumen. 
When cytoplasmic protein solutions from red clover were 
dialyzed free of salt, only small increases in foam expansion 
were observed and the resulting foam had zero foam strength. 
As little as 0-065 id sodium chloride produced foams with a 
maximum measurable expansion and having a dynamic foam stabil­
ity of 100 percent. The increase in foam strength was approx­
imately linear from 0 to 0.-3-3 K sodium chloride. When express­
ed on a molar basis, calcium was about twice as effective as 
sodium in promoting the foaming properties. These results are 
in complete agreement with Perri and Hazel (1947) who reported 
that for soybean protein dispersions the divalent cations pre 
more effective than monovalent ions in promoting foaming prop­
erties. Mangan (1959) reported that the largest differences 
between the monovalent and divalent cations are seen after 
the concentration of the divalent cation reaches the rela­
tively high value of 0.1 k. He further reported that the 
normal cation concentration in ruminai fluid was found to be 
in the range of 0.1 to 0.2 K, mainly sodium and potassium, 
but with appreciable amounts of calcium and magnesium, and 
variable amounts of ammonia. 
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hangan (1959) also stated that the presence of calcium in 
tne saponins was essential for the formation of rigid foams. 
When calcium was precipitated from the alfalfa saponin ex­
tracts, foam expansion was unaffected, but foam strength was 
reduced from a very high figure to practically zero. It would 
therefore appear that any method which alters the total salt 
concentration in ruminai fluid would also alter the frequency 
and severity of occurring bloat. In the trials reported 
herein, increased dietary calcium and magnesium increased 
bloat, probably by increasing the stability of the foam 
present in the rumen. 
Samples of alfalfa were analyzed for total calcium and 
magnesium during the 1960 grazing season. Ko correlation was 
found between the total amount of calcium and magnesium 
present and the severity of bloat resulting from grazing the 
plots from which the samples were taken. Jackson (1362) re­
ported similar results in that no correlation was seen in the 
level of total calcium in Ladino clover and the severity of 
bloat in cattle- Johnson (1959) reported a significant posi­
tive correlation between bloat severity and total calcium. 
However, the following year, a significant inverse correla­
tion was observed. 
It would appear that the total amount of mineral present 
in the plant is not as important as the amount of mineral 
which is readily released upon the ingestion of the forage. 
When one considers that lambs normally bloat on lush alfalfa 
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in 30-45 minutes, the plant components must be released at a 
rapid rate- Very limited research has been reported on this 
aspect of the bloat syndrome-
Held et_ al. (1962) described a method which could be used 
to study the rapid release of plant cell components resulting 
from the chewing of the Ingested plant. These researchers 
reported that large amounts of soluble protein and cytoplasmic 
lipids were released by the chewing of the plant; however, 
minerals were not studied. 
Garton (1951) reported an in vitro experiment in which 
20.5 milligrams of calcium and 13-5 milligrams of magnesium 
passed into solution from 10 grams of hay when incubated for 
5 hours in synthetic saliva at ruminai temperatures and pH. 
Garner (1949) found that after 36-72 hours of ruminai in vitro 
digestion, 85 percent of the magnesium was liberated from 
powdered grass. Both of these reports indicate that there Is 
a rapid liberation of calcium and magnesium from the dried 
forage; however, no in vitro experiments have been reported 
on the availability of minerals from fresh forage-
Preliminary results are reported herein of an In vitro 
technique designed to measure the rapid loss of certain plant 
components. Results indicated considerable variation and no 
consistent digestion losses with respect to ash, total crude 
protein and dry matter. Total calcium was reduced, on the 
average, about 15 percent at the end of a 4 hour digestion. 
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If this technique could be refined to minimize variation, this 
might be a valuable method by which to study the bloat syn­
drome • 
It was reported that lambs grazing a non-bloat provoca­
tive grass plot had significantly lower amounts of ruminai 
ionic calcium and magnesium than did lambs grazing bloat 
provocative alfalfa. This could be explained quite easily if 
assumed that the different plant components are released into 
the rumen at a uniform rate for all plants. Therefore, those 
plants with higher amounts of a component would release 
greater amounts within a given period of time- Then this 
difference in ruminai ionic calcium and magnesium, due to 
grazing grass and alfalfa, could be explained by the fact that 
alfalfa contains about four times the amount of calcium and 
three times the amount of magnesium as does grass (Thomas 
jet al., 195%; Thompson, 195-3). Therefore, it would seem 
logical that the amount of calcium and magnesium liberated 
during the grazing of certain plants and/or the total amount 
present in the plant, could be a factor in determining whether 
a certain plant would produce bloat-
Drenching with organic chelates (EDTA, DTPA or EDDHA) 
decreased the severity of bloat in lambs. It was further 
shown that administration of EDTA reduced the ruminai ionic 
calcium and magnesium and salt concentration of lambs either 
grazing alfalfa or fed dry hay - ïlo significant differences 
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were seen in ruminai Ionic calcium and magnesium when DTPA or 
EDDHA were administered. The lack of effect possibly could be 
due to the technique used for total analysis of calcium and 
magnesium. The technique employed the use of EDTA titration. 
EDTA has a greater affinity for calcium than does either DTPA 
or EDDHA, and a greater affinity for magnesium than does 
EDDHA; therefore, in titration, EDTA could displace calcium 
or magnesium from the other chelate complex. Another reason 
which could possibly explain why in field trials no signifi­
cant differences were obtained would be the large lamb vari­
ations in the ruminai mineral levels. The extreme variations 
resulted in few significant differences. 
There has been no other work reported which has studied 
the effect of chelates on ruminai mineral levels. Burt and 
Thomas (1961) reported calves fed sodium citrate showed sig­
nificantly lower levels of serum magnesium; however, serum 
calcium was not altered. This work indicates that chelates 
may have limited the magnesium absorption. 
The drenching of a pre-complexed form of EDDHA produced 
a bloat index similar to that of the lambs receiving no 
treatment, while drenching the free acid or disodlum salt of 
EDDHA decreased bloat. Therefore, it could be concluded that 
one of the actions of the chelates in bloat reduction Is due 
to their chelating powers. 
It was observed that the drenching of the free acid or 
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disodlum salt of EDDHA decreased ruminai ammonia. This sug­
gests that the action of the chelates in the rumen may also 
be depressing bacterial growth and slowing rumen metabolism. 
A number of reports in the literature have stated that che­
lates have a bacteriostatic effect which can be reversed by 
the additions of metal ions (Albert et al., 1947; McNaught and 
Owens, 1949; Hall, 1954; and Kadis and Babel, 1962). Numerous 
workers (Johns et al., 1957; Mangan et; al., 1959; Miller and 
Jacobson, 1961, 1962; and Emery et al., 1962) have concluded 
that penicillin exerts its short lived bloat prevention by 
reducing stable froth formation in the rumen through a re­
duced fermentation rate. Wright (1961b) reported that the 
effectiveness of penicillin in controlling bloat may be due 
to a decrease in bacterial degradation of plant lipids, which 
are anti-foaming agents. 
Pressey (1962) reported that EDTA inhibited rumen bac­
teria from metabolizing pectin. Yamamoto and Fukumoto (1954) 
found that the oxalates, citrates or EDTA strongly inactivated 
bacterial amylase which requires the presence of calcium for 
its activity. Bailey (1958) suggested that the amylase activ­
ity in the rumen might be of importance in breaking down the 
starch component of alfalfa. He reported that clovers con­
tain more starch than grasses. 
Ruminai inorganic ions could be reduced if the consump­
tion of alfalfa was decreased due to the administration of 
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chelates. In trials in which chelates were administered, 
the lam'cs were under close observation. Mo differences were 
visually apparent in the grazing pattern or lamb behavior 
when EDDHA was administered. However, when high levels (5 or 
10 grams ) of EDTA or DTP A were given continuously for a period 
of about 10 days, so&e of the lambs would show depressed appe­
tites and decreased activity. 
The results suggest that chelates decrease bloat by che­
lating certain mineral ions with a resultant decrease in 
ruminai molarity, and possibly by decreasing the rate of fer­
mentation in the rumen. The work reported herein indicates 
that both factors may be of importance. 
It was observed that drenching with EDDHA before the 
morning grazing decreased bloat, while drenching half of the 
amount before both morning and afternoon grazing had no sig­
nificant effect on bloat. This suggests that the level of 
chelate in the rumen is important. Drenching half the amount 
probably does not cause a great enough ruminai change to alter 
the bloat pattern. 
Drenching with chelates ties up other cations, many of 
which are complexed in preference to calcium and magnesium. 
It is highly probable that instead of working with total ionic 
calcium and magnesium and foam stability, we are actually in­
volved with total salt concentration in the rumen. Therefore, 
chelates would theoretically decrease the total salt concen­
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tration, which was reported, and therefore decrease foam 
strength and result in decreased severity of bloat. 
The feeding of EDDHA decreased bloat by 46 percent; 
however, the chelate treatment caused a slight weight loss 
while the control maintained positive weight balance during 
the experimental period. No differences between the two 
treatments were observed with respect to grazing patterns or 
general lamb behavior. A negative correlation (r = -.62) was 
observed between average weekly lamb gain and average weekly 
bloat index for the controls. A positive correlation (r = 
+ .74) was observed for the chelate-treated lambs ; or, as the 
chelate decreased bloat, the lamb gains were also decreased. 
If the feeding of chelates is to become practical in decreas­
ing bloat under field controls, steps must be taken to elimin­
ate the harmful effects on weight gain. 
Greater diurnal changes in the concentration of ruminai 
magnesium and ammonia were observed when lambs grazed on 
alfalfa rather than when fed on alfalfa-bromegrass hay. 
Changes in ruminai calcium were not too different between the 
two feed sources. Shinozaki et, al. (1958) and Annison et al. 
(19 59) found a marked increase in the level of ammonia in 
ruminai fluid when animals were changed suddenly from hay to 
a lush green pasture forage. Coombe et al. (i960) reported 
sheep fed on a basal ration of meadow hay had low levels of 
ruminai ammonia and the diurnal changes were small. These 
results are in complete agreement with the reported study. 
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'The levels of ruminai ionic calcium and magnesium and 
ruminai ammonia were approximately doubled upon grazing 
alfalfa pasture for one hour. The effect of feeding or graz­
ing forages on the level of ruminai ionic calcium and magne­
sium has not been reported; however, numerous papers have been 
reported on ruminai ammonia changes (McDonald, 1948, 1952; 
Johns, 1955b; Conrad and Hibbs, 1956; and Batter and 3aum-
gardt, 196%). These workers report rapid increases in ruminai 
ammonia level due to the ingestion of forages. It would 
appear that the increases in total ruminai ionic calcium and 
magnesium and ruminai ammonia, resulting from the grazing of 
alfalfa, pasture, would increase the total molarity of the 
rumen. This increased molarity would thus increase the foam 
strength and the possibility of bloat-
A significant (P < -001) positive relationship (r = 
+.30) between magnesium and ammonia was observed in the 
ruminai fluid of lambs grazing alfalfa- Such a relationship 
has been suggested in research by Bartlett et al. (1954, 
1957), Head and Hook ( 1955, 1957), Kemp et, al. (1961), Michael 
(1961, 1962) and Stillings e_t al. ( 1962) . In these studies 
increased levels of nitrogen intake limited the availability 
of magnesium to the animal. Phelps et al. (1958) found the 
amount of magnesium ammonium phosphate-containing precipitate 
to be about three times higher in animals showing frothy 
ingesta as compared to animals showing non-frothy ingesta. 
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Warner (1960) reported that spraying alfalfa with urea 
Increased bloat severity In lambs. Emery et al. (i960) noted 
higher ammonia levels In the cows that were bloating. Brown 
et al. (195?) found a positive correlation between bloat 
severity and ammonia content of ingesta; however, treatments 
which reduced bloat did not reduce ammonia levels. John 
(1955a) and Mendel and Boda (1961) reported that no relation­
ship between ruminai ammonia and bloat was observed. However, 
even with the varied results indicated here, a relationship 
between ruminai ammonia and bloat is possible- It is gen­
erally accepted that bloat usually occurs when the legume 
is in a rapidly growing stage and the level of total protein 
and non-protein-nltrogen is high. Results reported herein 
indicate that large amounts of ammonia, are produced during 
grazing by rapid ruminai fermentation. This Increased level 
of ammonia could add to the ionic molarity and thus exert an 
effect on the bloat process. 
No correlations were observed with respect to total cal­
cium in plants or ruminai ionic calcium and magnesium with 
the severity of bloat in lambs. This can be explained par­
tially cy the fact that lambs were scored on a non-continuous 
scale with the degree of bloat expressed to the nearest bloat 
score. If the lambs were scored on a continuous scale a rela­
tionship might exist. 
The chi-square method was found to be most satisfactory 
in the statistical analysis of the treatment effect on bloat 
8? 
severity. However, it is realized that when less than five 
control observations occur in a cell, the significance which 
results through chi-square analysis is somewhat high. The 
author firmly believes that differences were observed, regard­
less of whether the difference was significant at P < .005 or 
P < .01; it is the trends that are important. The trends and 
level of probabilities are in excellent agreement in this 
s tudy. 
It has been shown that increased dietary calcium and mag­
nesium increases the severity of bloat in lambs. Bloat-
provocative alfalfa has a relatively high level of total cal­
cium and magnesium and causes s relatively high level of 
ruminai ionic calcium and magnesium as compared to the 
grasses. However, no correlation was observed between the 
total calcium and magnesium and the severity of bloat result­
ing from grazing the forage. Chelate drenches have been shown 
to decrease ruminai ionic calcium and magnesium - It has been 
further shown that drenching lambs with chelates decreases 
bloat severity. From the results reported herein, it could 
be concluded that factors which increase, the ruminai ionic 
salt concentration increase bloat and those compounds which 
are capable of decreasing the ruminai ionic salt concentra­
tion, decrease bloat. Therefore, it would appear that the 
salt concentration of ruminai fluid is important in the bloat 
syndrome. 
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The results of a well conducted experiment can 
never be annulled, but the interpretation may 
change with our advances in knowledge, or inter­
est may increase with changing demand. 
Author Unknown 
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SUMMARY 
A series of pasture and laboratory trials was conducted 
to determine the relationship of calcium and magnesium to the 
development of the bloat syndrome in lambs. Lambs grazing 
alfalfa treated with a foliar application of magnesium car­
bonate (3.9 and 7.8 pounds per acre), calcium carbonate (20 
pounds per acre) or calcium phosphate (50.3 pounds per acre) 
bloated more severely than lambs grazing the untreated 
alfalfa. Lambs drenched with magnesium carbonate or calcium 
carbonate at the rate of 5 grams per day, immediately prior 
to the morning grazing of alfalfa, bloated more severely than 
control lambs. The effects of magnesium carbonate applied as 
a foliar spray or as a drench appeared to be similar with 
respect to the bloat syndrome. 
Drenching lambs with organic chelating agents, ethylene-
diamine tetraacetic acid (EDTA), diethylene triamine penta-
acetic acid (DTPA), or ethylenedlamine di(O-hydroxyphenylace-
tate) (EDDHA) significantly decreased the amount of bloat ob­
served. The administration of EDDHA as a single dose prior 
to the morning grazing was more effective in bloat reduction 
than drenching the same amount of the material in two equal 
doses prior to both morning and afternoon grazlngs. The iron 
chelated form of EDDHA was not effective in decreasing bloat. 
Feeding lambs 1.25 grams of EDDHA in a soybean meal carrier, 
prior to grazing, reduced bloat 46 percent as compared to 
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lambs receiving only the soybean meal carrier. Bloat was de­
creased to a similar degree in a trial comparing drenching and 
feeding of EDDHA. However, average weekly gains were de­
creased by the feeding of the chelate. 
The drenching with EDTA significantly decreased the level 
of ruminai ionic calcium and magnesium in lambs fed a hay 
diet • 
An EDTA drench lowered the ruminai ionic calcium and mag­
nesium and total salt concentration when lambs were grazed on 
alfalfa pastures. The lack of significance in the results were 
due in part to the large normal lamb variation encountered. 
Drenching with EDDHA decreased ruminai ammonia. Lambs grazing 
grass had significantly lower levels of ruminai calcium and 
magnesium than lambs grazing lush alfalfa -
Greater diurnal changes in concentrations of ruminai mag­
nesium and ammonia were observed when lambs were grazed on 
alfalfa than when fed alfalfa-bromegrass hay- Changes in 
ruminai calcium were not greatly different between the two 
feed sources. The concentration of ruminai ionic calcium 
and magnesium and ruminai ammonia were approximately doubled 
during the 1 hour morning grazing and returned to pre-grazing 
levels within 7 hours following grazing. A similar increase 
occurred following the afternoon grazing. 
Ko correlation was found between the day to day analyzed 
total calcium and magnesium content of untreated alfalfa and 
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the degree of bloat in lambs. An in vitro technique was de­
signed to determine the rate of release of plant components 
in the rumen. It was shown that only small changes occurred 
in total plant dry matter, ash and crude protein; however, 
total plant calcium was consistently reduced by the 4 hour 
in vitro digestion. 
Ruminai ionic calcium tended to be lower and magnesium 
tended to be higher as bloat was increased; however, no corre­
lation was observed due to the non-continuous nature of the 
bloat scores. A significant positive correlation was observed 
between ruminai ionic magnesium and ruminai ammonia-
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Table 13. Analysis of variance of performance of lambs fed 
a soybean meal-molasses mixture, with and without 
chelate, prior to grazing alfalfa 
Mean sousre 
Source of variation D.f. Individual total gain 
Total 19 
Treatment 1 189, .11*** 
Individuals 18 9, .50 
««^Indicates significant effect (P = .005 or less) . 
Table 14. Analysis of variance of the effect of EDTA on the 
ionic level of calcium and magnesium in rumen 
fluid of lambs fed alfalfa-grass hay 
Mean squares 
Millimoles 
Source of Millimoles Millimoles total calcium-
variation D.f. calcium magnesium magnesium 
Total 119 
Trials 2 .0226*** .0415*** .1208*** 
Animal 3 .0071** .0020 .0160 
Error a 6 .0006 .0012 .0029 
Treatment 1 .0389*** .0046* .0696*** 
Error b 11 .0010 .0005 .0021 
Sampling error 96 .0009 .0006 .0018 
^Indicates significant effect (P = 
**Indicates significant effect (P = 
***Indicates significant effect (F = 
.05 or less). 
.01 or less). 
.005 or less) -
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Table 15. Analysis of variance of the effect of treatment 
on ruminai constituents of lambs grazing alfalfa: 
comparison I 
Mean squares 
Source of Salt 
variation D.f. Calcium Magnésium concentration 
Total 51 
Treatment 3 87. 60 357, .88* 10. 10* 
Period 5 46. 22 303. ,62* 7. 18* 
Treatment x period 15 46, .67 69, .02 2. 02 
Remainder 28 57. 39 30. 49 2, .05 
Shortest significant ranges : 
Magnesium 
P: 2 3 4 
Hp: 10.2 10.7 11.0 
Treatments 4 3 12 
Means8* 20.6 22.5 24.2 32.2 
Salt concentration 
P: 2 3 4 
Hp: 1.63 1.70 1.76 
Treatments 2 3 14 
Means8- 21.56 21.77 21.97 23.39 
•Indicates significant effect (P = .05 or less). 
aAny two means not underscored by the same line are 
significantly different at the .01 level of probability. 
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Table 16. Analysis of variance of the effect of treatment 
on ruminai constituents of lambs grazing alfalfa: 
comparison II 
Mean squares 
Source of variation D.f. Calcium Magnesium 
Total 23 
Treatment 3 140, ,89 58. 87 
Period 1 2-.05 129. 27 
Treatment x period 3 120. 61 12. 52 
Remainder 16 28. 52 39. .55 
Table 17. Analysis of variance of the effect of treatment 
on ruminai constituents of lambs grazing alfalfa : 
comparison III 
Mean squares 
Source of variation D.f. Calcium Magnesium 
Total 23 
Treatment 3 625.66 371.60* 
Period 1 2.73 480.61 
Treatment x period 3 138.10 35.00 
Remainder 16 102.26 74.46 
Shortest significant ranges : 
Magnesium 
P: 2 3 4 
Rp: 10.85 10.85 10.85 
Treatments 4 
Meansa 10.6 
1 
22.0 
3 
25.5 
2 
28.7 
•Indicates significant effect (P = .05 or less)-
aAny two means not underscored by the same line are 
significantly different at the .05 level of probability. 
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Table 18. Analysis of variance of the effect of treatment 
on ruminai constituents of lambs grazing alfalfa: 
comparison IV 
1'iean squares 
Source of Salt 
variation D.f. Calcium Magnesium concentration 
Total 47 
Treatment 2 408. ,38 43. 36 4, .06 
Period 7 615. 03* 268. 64 44, .71 
Treatment x period 14 161. 97 198. 75 25, .00 
Remainder 24 h
 
h
 
cji
 
• 22 13. ,64 38, .81 
•Indicates significant effect (P = .05 or less). 
Table 19. Analysis of variance of the effects of treatment 
on ruminai constituents of lambs grazing alfalfa: 
comparison IV 
Source of variation D.f. 
Mean squares 
Ammonia 
Total 11 
Treatment 2 16.08 
Period 3 68.05** 
Treatment x period 6 6.28 
**Indicates significant effect (P = .01 or less) . 
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Table 20. Analysis of variance of the effect of treatment 
on ruminai constituents of lambs grazing alfalfa: 
comparison V 
i-iean squares 
Source of 
variation D.f. Calcium Magnesium 
Salt 
concentration 
Total 31 
Treatment 3 4.90 24.00 34.40* 
Period 3 97.79 56.92* 39.92* 
Treatment 3 : period 9 32.43 11.75 8.90 
Remainder 16 18.87 12.35 25.21 
Shortest significant ranges : 
Salt concentration 
p: 2 
Rp: 4.8 
Treatments 
Meansa>D 
3 
5.0 
1 
38.8 
4 
5-1 
3 
39.0 
2 
42.0 
4 
42.9 
•Indicates significant effect (P = .05 or less). 
aAny two means not underscored by the same line are 
significantly different at the .05 level of probability -
^Values refer to mean relative resistances. 
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Table 21 • Analysis of variance of the effect of treatment 
on ruminai constituents of lambs grazing alfalfa: 
comparison V 
Mean squares 
Source of variation D.f. Ammonia 
Total 15 
Treatment 3 186.67** 
Period 3 93.06 
Treatment x period 9 26.80 
Shortest significant ranges: 
Ammonia 
p: 2 3 4 
Rp: 11.9 12.6 12.9 
Treatments 4 3 2 1 
Meansa 16.65 26.18 31.02 32.98 ' 
••Indicates significant effect (P = .01 or less) . 
aAny two means not underscored by the same line are 
significantly different at the .01 level of probability. 
Table 22. Analysis of variance of the relationship of ruminai 
ionic calcium and magnesium to the severity of 
bloat in lambs 
Mean squares 
Source of variation D.f. Calcium Magnesium 
Total 
Bloat 
Period 
Bloat x period 
95 
1 48.87 141.87 
47 235.90 85.51 
47 62.72 60.93 
112 
Table 23. Analysis of variance of the effect of source of 
feed on ruminai constituents 
Source of Mean squares 
variation D.f. Calcium Magnesium Ammonia 
To tal 55 
Treatment 1 15.78 343.58*** 3093.41*** 
Hour 6 39.03* 28.36 179.58* 
Treatment x hour 6 15.29 24.56 203.55* 
Day 3 36.30* 32.89 230.32* 
Remainder 39 9. 54 16.96 32.09 
•Indicates significant effect (P = .05 or less) • 
••Indicates significant effect (P = .005 or less ) .  
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Table 24. Analysis of variance of the effects of drenching 
with MgCOg and NagEDDHA on ruminai ionic magnesium 
Source of variation D.f. Mean square 
Total 
Treatment 
Hour 
Treatment x hour 
Day 
Remainder 
Shortest significant ranges: 
p: 2 3 
Rp: 2.27 2.37 
Treatment 3 
keansa 8.30 
83 
2 213.62*** 
6 67.69*** 
12 7.72 
3 35.22* 
60 10.26 
1 2 
9.28 13.50 
*Indicates significant effect (P = .005 or less). 
aAny two means not underscored by the same line are 
significantly different at the 0.01 level of probability. 
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Table 25. Analysis of variance of the effects of drenching 
with MgCOg and NagEDDHA on ruminai ammonia 
Source of variation D.f. Mean square 
Total 83 
Treatment 2 164.00*** 
Hour 6 239.96**^ 
Treatment x hour 12 14.88 
Day 3 56.84^ 
Remainder 60 13.80 
Shortest significant ranges: 
p: 2 ' 3 
Rp: 2.64 2.76 
Treatment 3 1 2 
heansa 21*45 25.2-3 25.25 
••Indicates significant effect (P = .01 or less). 
•••Indicates significant effect (P = .005 or less). 
8Any two means not underscored by the same line are 
significantly different at the .01 level of probability. 
Table 26. Analysis of variance of the effects of drenching 
with MgCOg and NagEDDHA on ruminai ionic calcium 
Source of variation D.f. 'Mean square 
Total 83 
Treatment 2 11.39 
Hour 6 11.45 
Treatment x hour 12 2.56 
Day 3 63.44#*# 
Remainder 60 6.02 
•••Indicates significant effect (P = .005 or less). 
